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4 Before injection of Serpasil, patient 
has torn off all her clothes and has 
assumed grotesque posture on hospi- 
tal bed. 


One day after injection of Serpasil 
Parenteral Solution, patient sits quiet- 
ly in bed, wearing pajamas and drink- 
ing water calmly. 


IN INSTITUTIONAL THERAPY 
AND OFFICE PSYCHIATRY 


Serpasil, a nonhypnotic tranquilizing 
agent, not only produces remissions 
in severe neuropsychiatric states in 
the hospitalized patient, but has also 
been used widely and successfully as 
an adjuvant to psychotherapy in the 
milder, ambulant cases seen in every- 
day practice. 


Supplied: Tablets, 4.0, 2.0, 1.0 and 
0.25 mg. (scored) and 0.1 mg. Elixir, 
containing 1.0 mg. and 0.2 mg. per 4- 
ml. teaspoonful. Parenteral Solution, 
2-ml. ampuls, each ml. containing 2.5 
mg. of Serpasil. 
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( RESERPINE, LILLY ) 


... facilitates psychiatric treatment 


‘Sandril’ calms, diminishes anxiety and tension, improves sleep pattern 
in psychoneurotic states. 


‘Sandril’ frequently produces relaxation, decrease in hallucinations 
and delusions, improved communication, and increased depth of effect 
in psychotic patients. Raging, combative, unsociable patients usually 
become more co-operative, friendlier, quieter, and much more amena- 
ble to psychotherapy and rehabilitation measures. 


‘Sandril’ is virtually nontoxic; does not produce liver damage or severe 
orthostatic hypotension. 


2 DOSAGE: Usually 0.5 to 1 mg. twice daily. 
, LC SUPPLIED: Tablets, 1 mg., yellow (scored), in bottles of 
OYALY 100 and 1,000. Also, tablets, 0.1 mg., orange, 
and 0.25 mg., green (scored); elixir, 0.25 mg. 

per 5 cc. 
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“MYSOLINE:’ 


outstandingly safe and 
effective anticonvulsant 
for the treatment of 


EPILEPSY 


S. 


striking results obtained 
with “MYSOLINE” 


in grand mal seizures 


and psychomotor attacks 


Investigators report that... 


“*MYSOLINE’ was most effective in patients with grand mal and 
focal seizures, either alone or combined.” 


“MYSOLINE” was “preferable to [phenacemide] in the treatment of 
psychomotor epilepsy .. . 


“MYSOLINE” was found of benefit “in cases with idiopathic epilepsy 


as well as in cases with seizures resulting from focal and generalized 
brain abnormality.”” 


“*MYSOLINE’ comes closest to being an all purpose anticonvul- 


“MYSOLINE” “should be given adequate trial as the drug of first 
choice in the routine treatment of epileptics.””* 


“Mysoline” offers a wide margin of safety 


“MYSOLINE” is singularly free from serious toxic effects.‘ When 
side reactions occur they are usually mild and transient tending to 
disappear as therapy is continued or as dosage is adjusted.’ “Mysoline” 
may be safely introduced into current therapy employing other anti- 
corivulsants, and transition to “Mysoline” alone may be smoothly 
achieved. It is well tolerated by children and adults alike. 
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“Mysoline” Produced “Complete to Excellent Control” of 
Seizures in More Than 50 Per Cent of Patients Previously 
Uncontrolled With Other Anticonvulsants.® 


Timberlake, Abbott, and Schwab report “100 per cent control” with 
“Mysoline” in 22 patients and from “50 to 100 per cent control” in 
another 28, in a series of 96 patients with psychomotor, grand mal, 
focal motor, and other types of seizures. In effect, seizures were con- 
trolled or eliminated in 54 per cent of the cases. 


Most patients were already receiving one or more anticonvulsants 
when “Mysoline” therapy was started. The other medication was 
gradually reduced as the ““Mysoline” dosage was increased. To mini- 
mize side effects, Timberlake et al. recommend small initial doses of 

“Mysoline,” 0.125 Gm. daily, to be increased by 0.125 Gm. (half tablet) 
increments at three to seven day intervals. 


In general, ““Mysoline” was well tolerated. No side effects occurred in 
34 per cent of the patients. In the remainder, such complications 


as drowsiness and ataxia usually proved to be transitory. In some 
patients on combination therapy, side effects were attributed to the 
fact that the dosage of the original medication was not reduced as 
the ‘““Mysoline” dosage was gradually increased. 


No kidney or liver damage was encountered. Blood counts revealed 
no dyscrasia with one exception. In this case, the leukocyte count 
was lowered each time “Mysoline” was administered with mephobar- 
bital, although this did not occur on either agent alone. One year 
later the blood count on “Mysoline” alone (0.5 Gm. twice daily) was 
normal. These authors consider it best not to combine “Mysoline” 
with barbiturates particularly during the initial stages of therapy. 


1. Greenstein, L., and Sapirstein, M. R.: A. M. A. Arch. Neurol. & Psychiat. 70:469 (Oct.) 
1953. e 2. Smith, B., and Forster, F. M.: Neurology 4:137 (Feb.) 1954. e 3. Smith, B. H., 
and McNaughton, F. L.: Canad. M. A. J. 68:464 (May) 1953. e 4. Whitty, C. W. M.: Brit. 
M. J. 2:540 (Sept. 5) 1958. e 5. Doyle, P. J., and Livingston, S.: J. Pediat. 43:413 (Oct.) 
1953. e 6. Timberlake, W. H., Abbott, J. A., and Schwab, R. S.: New England J. Med. 
252:304 (Feb. 24) 1955. 
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Brand of Primidone 


SUGGESTED DosaGE SCHEDULE 


Adults and Children Over 8 Years: In patients receiving no other anticonvulsants, 
“Mysoline” therapy is started with 0.25 Gm. daily, and dosage is gradually in- 
+reased at weekly intervals, until maximum therapeutic effect is achieved. 


Order of Dosage Increase for Adults and Children Over 8 Years 


lst week 


0.25 Gm. 
(1 tablet) 
daily, at 
bedtime 


2nd week 


0.5 Gm. 

(2 tablets) 
daily, 1 on 
arising, 1 
at bedtime 


8rd week 


0.75 Gm. 
(3 tablets) 
daily, in 

8 divided 
doses 


4th week 


1 Gm. 
(4 tablets) 
daily, 
in 4 divided 
doses 


When dosage is increased beyond 1 Gm., the daily intake is administered in four 
livided doses, and increments of 0.25 Gm. are added at weekly intervals as indi- 


tated above. Children 8 years and older are usually able to tolerate the same 
losage as adults. 


n patients already receiving other anticonvulsants, “Mysoline” 0.25 Gm. is given 
laily, and dosage is gradually increased, while the dosage of the other drug(s) 
s gradually decreased. 


ysoline” is not recommended for use in dosages over 2 Gm. daily since the effect 


of therapy at this dosage level has not yet been sufficiently explored, hence the 
anger of overdosage. 


hildren Up To 8 Years of Age: 0.125 Gm. is administered on the same basis of 
herapy as suggested for adults. (In many cases control has been achieved with 
.375 Gm. to 0.75 Gm. daily.) 


upplied: No. 3430 — 0.25 Gm. tablets (scored). Bottles of 100 and 1,000. 


A reprint of the Timberlake, Abbott, and Schwab report as well as literature 
including an extensive bibliography are available upon request. 


Ayerst Laboratories New York,N. Y. Montreal, Canada 


Ayerst Laboratories make ‘“Mysoline” available in the United States by arrangement with Imperial 
Chemical (Pharmaceuticals) Limited. 
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a new tranquilizer 
with muscle relaxant action 


brand ef meprobamate 
2-methyl-2-n-propyl-1, 3-propanediol dicarbamate 


unrelated to chlorpromazine or reserpine— 
orally effective in 
mild and severe cases of 


ANXIETY, TENSION and MENTAL STRESS 


No autonomic side effects. 

Well tolerated. 

Not habit forming. 

Acts within 30 minutes. 

Effective over a period of 6 hours. 


“Miltown . . . is a practical, safe, and clinically 
nasa useful central nervous system depressant. It is 
Gn apes not habit forming. Miltown is of most value in 
tablet three the so-called anxiety neurosis syndrome, especially 
times daily. when the primary symptom is tension . . . Miltown 
is an effective dormifacient and appears to have 
many advantages over the conventional sedatives.”’! 


1. Selling, L. S.: J.A.M.A. 157: 
1594, 1955. 
2. Borrus, J. C.: J.A.M.A. 157: 
1596, 1955. 


A product of original research by 
WALLACE LABORATORIES 


Division of Carter Products, Inc., New Brunswick, New Jersey 


REPRINTS AND SAMPLES AVAILABLE ON REQUEST 


Two articles in the April 30th issue of The Journal of the AMA"? report on... 
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ANNOUNCING NEW CONVENIENCE 
IN NEUROPSYCHIATRIC THERAPY 


Serpasil 


2.0-mg. and 4.0-mg. TABLETS 


Also available shortly—for hospital and psychiatric use 
—a high-potency Serpasil Elixir with a pleasing cola- 
like taste; each 4 ml. containing 1.0 mg. of Serpasil. 


Literature describing the use of Serpasil in neuro- 
psychiatric disorders will be sent on request. Write 
Medical Service Division. 
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METHANESULFONATE 


Cogentin. 


FONATE. MERCK) (TROPINE ETHER FowaTe) 


for maximal symptomatic relief in parkinsonism 


MAJOR ADVANTAGES: Effective against rigidity.1 Counteracts muscle 
spasm.2 “Good against major tremor.”2 


For a single drug CoGENTIN “is most often 
the best”? available for treating parkinson- 
ism. It provides relief in all types—posten- 
cephalitic, idiopathic and arteriosclerotic 
forms of the disorder. Both young and old 
tolerate it.2 In some cases it has been ad- 
ministered for months without ill effects.! 

COGENTIN relieves even severe tremor.” 
Its strong antispasmodic action helps the 
patient to maintain an erect posture,” helps 
“counteract muscle spasm and frozen 
states.””? 

Dosage: Because of the prolonged action 


Steadier hands for your palsied patient 


of CoGENTIN effective relief may be obtained 
by a single 1 or 2 mg. dose taken orally at 
night. Each quarter-scored tablet contains 
2 mg. COGENTIN. 


References: 1. Neurology 2:233, 1952. 2. J.A.M.A. 
156:680, 1954, 3. M. Clin. North America 38:485, 1954. 


Philadelphia 1, Pa. 
DIVISION OF MERCK & CO., INC, 
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Scored tablets 
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WHO IS THE GERIATRIC PATIENT 


One out of every three Americans is, or at any moment may 
become, a geriatric patient. More than 50,000,000 men and 
women are now over 45 years old. 


Many of the problems which confront the neurologist to- 
day belong to the field of geriatric medicine. To round out 
the total clinical picture of your patient over 45, it is essen- 
tial to keep abreast of the latest developments in geriatrics. 
For best and most complete coverage of this rapidly grow- 
ing field, read GERIATRICS, the journal devoted to research 
and clinical study of the diseases and processes of aging. 


GERIATRICS, 84 S. 10th St., Minneapolis 3, Minn. 


Enter my subscription for GERIATRICS as indicated below. It is understood that | may cancel this 
within 10 days after receipt of the first issue if | am not fully satisfied. 


[] 1 year 12 issues $8 [1 2 years $12.50 
Check enclosed Bill me later 
NAME 
ADDRESS 
POSTOFFICE ZONE____ STATE 
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THORAZINE’ 


IN 


SCHIZOPHRENIA 


“Our most encouraging results have occurred in chronic 
schizophrenics who were resistant to all psychiatric therapies, 
including psychotherapy, intensive shock therapy, or did not 
maintain improvement after prefrontal lobotomy. After they 
were placed on the ‘Thorazine’ program, 17 of the 27, or 63% 
of the shock treatment failures improved sufficiently to be 
discharged home.” 


Ford, H., and Jameson, G.K.: Paper presented at A.M.A. Clinical Meeting, 
Miami, Florida, Dec., 1954. 


‘Thorazine’ Hydrochloride is available in 10 mg., 25 mg., 50 mg. 


and 100 mg. tablets; 25 mg. (1 cc.) and 50 mg. (2 cc.) ampuls; 
and syrup (10 mg./5 cc.). 


Additional information on ‘Thorazine’ is available on request. 


Smith, Kline & French Laboratories 


1530 Spring Garden Street, Philadelphia 1 


lo *1.M. Reg. ULS. Pat. Off. for S.K.F.’s brand of chlorpromazine. 


= 
4 
i} 
a 
— | 
18A 


Number 9 


The Dimensions of Neurology 


Howard D. Fabing, M.D. 


THE PRACTICING NEUROLOGIST finds him- 
self busily engaged on many medical 
fronts today. The big reason for his size- 
able place in the present-day medical 
family is that he is now a therapist — 
he helps sick people get well. His di- 
mensions as a diagnostician are some- 
what greater than those of his grand- 
father and his father in neurology be- 
cause he is armed with new radiologic, 
electrophysiologic, and chemical tools, 
but it is his new pharmacopeia that has 
made for the real enlargement of his 
effective dimensions. The arsenicals, 
phenobarbital, nux vomica, and potas- 
sium iodide were just about all there 
was to the therapeutic aids available 
25 years ago. The remarkable parade 
of new drugs in the treatment of com- 
bined system disease, convulsive disor- 
ders, migraine, narcolepsy, myasthenia 
gravis, neurosyphilis, meningitides, mood 
disorders, and all the rest has changed 


the whole scope and aspect of neurology 
in the last quarter century. 

What of the future? Will these dimen- 
sions grow, and along what lines? There 
is much of neuroanatomy and neuropa- 
thology to be studied, and we may ex- 
pect these fields to advance with the 
help of new tools, many of them bor- 
rowed from the busy field of neurophys- 
iology. But isn’t it more likely to expect 
the biggest strides to be made in neuro- 
chemistry and neuropharmacology, as in 
the immediate past? 

Over the past few years certain piperi- 
dyl compounds have been tested as pos- 
sible therapeutic agents in neurology.’ 
During the past year one of them, al- 
pha-(4-piperidyl) benzhydrol hydro- 
chloride, has been found to exhibit defi- 
nite, though inconsistent, therapeutic ef- 
fects in schizophrenic dissociation syn- 
dromes.2 Heath and his associates* and 
Himwich* have also begun to study this 


Presidential address read before the seventh annual meeting of the American Academy of Neurol- 


ogy, Houston, Texas, April 28, 1955. 


| 


604 


compound as a therapeutic agent. Our 
results were significant enough to en- 
courage an inquiry into the ability of 
this compound to affect experimental 
psychoses induced by hallucinogenic 
drugs. 

In November 1954, it was demonstrat- 
ed that this piveridyl compound (Fren- 
quei) blocked the development of LSD- 
25 psychosis when given to normal sub- 
jects as a premedication.’ It was also 
found that an LSD-25 psychosis could 
be brought to an abrupt end at the 
height of its development by the in- 
travenous administration of Frenquel.® 
Later it was discovered that mescaline 
psychosis could be blocked by the same 
drug when it was given as a premedi- 
cation, and could be aborted by the 
intravenous administration of the drug 
as well.? 

In February 1955, we stumbled upon 
another finding when a physician under- 
going a prostatectomy developed a con- 
fused state on the second postoperative 
day. Not only his words, but the manner 
in which they were spoken, had a famil- 
iar ring as he described his condition. 
He told of sensations of levitation, of 
visual and haptic hallucinations, of a 
feeling of drifting into a weird world 
dissociated from the real one, and of his 
sensation of fear and foreboding which 
accompanied it. We have all seen many 
patients with postoperative confusion, 
but this was the first one the author 
had ever looked at intensively. The 
similarity between his stream of talk 
and that of the LSD-25 and mescaline 
subjects was striking. Then he was given 
50 mg. of Frenquel intravenously and 
urged to go on talking. He described 
the progressive amelioration of his dis- 
sociated mental state during the next 
half hour. The medication was contin- 


NEUROLOGY 


ued orally for the remainder of his hos- 
pital stay, and his course was uneventful 
thereafter. This clinical experience has 
launched us on an inquiry into postop- 
erative confusional syndromes, and we 
hope to be able to report our results® 
in the near future. 

These therapeutic adventures have led 
me to inquire into what is a new field 
of neurochemistry for me. I should like 
to share some of this with you because 
I find it interesting, and because I think 
it is indicative of the expanding dimen- 
sions of neurology. 

Drugs which contain an intoxicating 
principle were described® by the Chi- 
nese in the fifteenth century before 
Christ. The Germans!” came to call them 
the “phantastica.” More recently" they 
have been labelled “hallucinogens.” The 
list is not a long one. A look at the major 
phantastica of vegetable origin reveals 
that an indole nucleus is common to 
their chemistry. They include lysergic 
acid diethylamide (LSD-25) from rye 
rust, yohimbine from the bark of the 
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yohimbehoa tree, harmine from the 
Turkish plant, peganum harmala, and 
ibogaine from a bean grown by the Ibo 
tribe of Central Africa. Mescaline, from 
the mescal or peyotl cactus of Aztec ori- 
gin, is a potential indole as well (figure 
1). A remarkable Siberian hallucinogen 
from a fungus (amanita pantherina) 
which grows on the larch tree has not 
been studied chemically. 

The one exception to this rule about 
the indolic structure of hallucinogens is 
the oil from the flowering tops of the 
female hemp plant, cannabis, or mari- 
huana, or bhang, or charas, or ganja, or 
hashish as it is called, depending on 
where you live on this earth. This com- 
pound contains no nitrogen, but is a 
dibenzopyran, as is pyrahexyl,’* an ap- 
proximate compound with similar prop- 
erties, synthesized by Roger Adams™ 
some 15 years ago (figure 2). 

There are a few hallucinogens of 
animal origin as well. In 1936 Nieuwen- 
huysen'* found that tryptamine pro- 
duced negativism and catalepsy in cats. 
Recently Evarts!® has shown that bufo- 
tenine, an extract of the skin of toads 
and lizards, produces ataxia, motor dis- 
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turbance, indifference to tactile stimuli, 
and what might be summed up as 
schizophrenic behavior in the monkey. 
“Pink adrenaline,” or adrenochrome, 
produced a harrowing temporary psy- 
chosis in Osmond™® when he injected 
it intravenously into himself and other 
volunteers last year. Although it has 
been difficult to repeat this observation, 
the single report is significant. A look 
at their chemical structure reveals that 
these substances are all indoles. Porpho- 
bilinogen is included in this list of hal- 
lucinogens of animal origin. Watson,’* 
long a student of the porphyrins, has 
concluded that this compound or one 
of its immediate derivatives is the caus- 
ative agent of the acute intermittent 
form of porphyria. Although porpho- 
bilinogen is not an indole,’* inspection 
of its structural formula reveals that the 
two short carbon chains which extend 
upward from the pyrrol ring are spa- 
tially about as large as a benzene ring, 
and that with the closure of these chains 
into such a ring, an indole would emerge 
(figure 3). 

We may summarize the foregoing by 
saying that the known hallucinogens 
which produce a schizophrenic or pseu- 
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doschizophrenic state in man and in ex- 
perimental animals are indoles or po- 
tential indoles, if we except cannabis. 
All of them act in minute quantities, 
varying from 0.1 mg. in the case of LSD- 
25'* to 400 mg. in the case of mescaline*® 
in man, which provokes the thought that 
they probably exert their effects on en- 
zyme systems concerned in brain metab- 
olism. 

The possibility of the relationship of 
these indoles to clinical schizophrenic 
syndromes weaves itself throughout 
these data. We have all spent many an 
hour speculating about the etiology of 
schizophrenia,” and Bleuler®* spent a 
lifetime at it. He concluded (regretfully, 
I think) that the disease was psycho- 
genic. Can the conclusion of this de- 
voted student of the cause of one of the 
most cruel diseases which beset man- 
kind be refuted? I do not think so with 
the data now in hand, but it is possible 
to make the beginnings of a case for 
an alternate etiologic possibility, that of 
metabolic error. Four possibilities exist. 

Possible metabolic error number one 
concerns itself with tryptamine forma- 
tion. Erspamer** states that the normal 


metabolism of tryptophan, an amino 
acid set free from protein by tryptic di- 
gestion, is its conversion to 5-hydroxy- 
tryptophan by oxidation, then to sero- 
tonin by decarboxylation, then to 5-hy- 
droxyindoleacetic acid by oxidative de- 
aminization, and ultimately to catab- 
olism. A metabolic error is possible in 
the very first step of this process (figure 
4). If tryptophan is decarboxylated be- 
fore its 5-hydroxy-derivative is formed, 
tryptamine results.2* As noted above, 
Nieuwenhuysen* found that this indol- 
ethylamine produces catalepsy and neg- 
ativism in cats, and that this state per- 
sists for several days after intravenous 
injection of 100 to 150 mg. of the com- 
pound. More than 30 years ago Sulli- 
van? made an observation in the human 
which fits in nicely here. He isolated 
tryptamine from the urine of patients 
suffering from pellagra, a disease which 
can produce schizophrenic symptoms. 
This opens up an attractive possibility 
which deserves further study. 

Possible metabolic error number two 
has received a good deal of attention 
lately. It concerns the fate of serotonin, 
the neurohumoral agent which has been 
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found to be a normal constituent of 
brain tissue. It is possible to speculate 
that it may not deaminize to 5-hydroxy- 
indoleacetic acid in the normal way, but 
may methylate instead, as in the skin of 
amphibians and in certain fungi?’ (fig- 
ure 5). In such a scheme it becomes n- 
methylserotonin in the first methylation, 
and n-dimethylserotonin, or bufotenine, 
in the second. This is the indole which 
Evarts?® has found to cause a “schizo- 
phrenia” which lasts for several hours 
when it is injected in the monkey in 
doses of 3 mg./kg. 

Is bufotenine hallucinogenic for hu- 
mans as well as for monkeys? The ab- 
original men of Hispaniola and South 
America have carried out this experi- 
ment for us. Fra Ramon Pane, who 
came to America with Columbus on 
his second voyage, in 1496 described the 
ceremonial use of cohoba,?® a snuff de- 
rived from the seeds of the piptadenia 
peregrina tree, reporting that “it intoxi- 
cates them to such an extent that when 
they are under its influence they know 
not what they do.” This inhalant was so 
potent in producing temporary dissocia- 
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tion states that it became tribal custom 
for the women to tie up the Otomaco 
Indians when they used it. Last year 
Stromberg*® determined that bufotenine 
was the active indolic principle of co- 
hoba. 

Gaddum*! has found that LSD-25 is a 
potent antagonist of the constrictor ac- 
tion of serotonin, and stated: “It is pos- 
sible that the serotonin in our brains 
plays an essential part in keeping us 
sane and that this effect of LSD-25 (the 
production of temporary madness) is 
due to its inhibitory action on the sero- 
tonin in the brain.”*? Woolley and 
Shaw,** on the other hand, bring forth 
evidence that psychoses may be caused 
by too much serotonin in the brain. We 
may expect to hear much more about all 
this as investigation of serotonin and 
its derivatives goes forward. 

Possible metabolic error number three 
concerns the biochemical lesion which 
may arise from an error in epinephrine 
chemistry. The similarity between the 
structural formula of mescaline and this 
important endocrine has made many 
people suspect that the key to the riddle 
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of schizophrenia may be found in an 
error of its metabolism (figure 6). When 
adrenaline stands in a bottle for a long 
time it turns pink. This pink color is due 
to its oxidation or partial oxidation to 
adrenochrome, an indole which is diffi- 
cult to isolate. In 1954 Hoffer, Osmond, 
and Smythies** reported that the intra- 
venous injection of 1 to 10 mg. of 
adrenochrome (synthesized by Hutch- 
eon) in self-experiments and in volun- 
teers produced schizophrenic dissocia- 
tions of as long as four days’ duration. 
Their protocols are worthy of study. 
Another adrenaline oxidation product is 
adrenoxin. It has been postulated** that 
this substance may also be of etiologic 
importance in the production of schizo- 
phrenic psychoses. The possibility of 
metabolic error in epinephrine chemis- 
try deserves serious consideration in the 
search for a chemical cause for schizo- 
phrenia. 

Possible metabolic error number four 
is a tenuous one, and probably does not 
deserve the attention due the other three. 
It is prompted by our study of postop- 
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erative confusional states which is under 
way. This reaction seems to occur most 
often after two surgical procedures: 
prostatectomy and the pinning of broken 
hips. What is the common denominator 
in these operations? They are performed 
on old people for the most part, but the 
factors of arteriosclerosis, hypertension, 
and nitrogen retention are not impor- 
tant. The type of anesthesia used does 
not seem to be significant. It is the rule 
rather than the exception that a lag 
period of 24 to 36 hours elapses after 
operation before dissociation symptoms 
occur, and, therefore, the immediate con- 
nection of the psychotic state and the 
surgical trauma is not apparent. It has 
occurred to the author that urine and 
bone marrow both contain porphyrins 
and perhaps their precursors.** In these 
instances raw tissue may be said to come 
into direct contact with these chromo- 
gens, and perhaps they are altered or 
their absorption is hastened in the 
wound area. This highly speculative 
thought is brought forward to explain 
schizophrenia-like postoperative confu- 
sions. Acute intermittent porphyria may 
produce a schizophrenic picture clinic- 
ally. Porphobilinogen is not an indole, 
but is chemically akin to the indoles. 
Its immediate derivatives are unknown," 
but it is not beyond conjecture that they 
may be of indolic structure (figure 7). 
Could it be possible that schizophrenia 
might result from a metabolic error in 
this system? Perhaps it is worth think- 
ing about, even though there is little 
evidence to support this concept. 

The clinician has always wondered 
whether schizophrenia was a disease en- 
tity or a reaction pattern due to many 
causes. Four speculative possibilities 
have been presented concerning the 
types of metabolic error which might 
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be implicated in the production of these 
clinical disorders. Perhaps all four of 
them may be operative; on the other 
hand, none of them may be of etiologic 
importance. The new pharmacologic 
agents which are demonstrating some 
therapeutic value in these patients—re- 
serpine, chlorpromazine, and Frenquel— 
are all inconsistent in their efficacy. They 
seem to produce tangible results in no 
more than 60 per cent of cases in the 
series reported** to date. These drugs, 
which the author has called ataraxics*® 
(after the word ataraxy of Greek origin, 
meaning freedom from confusion or 
peace of mind), are all different in chem- 
ical structure (figure 8). 

No investigator has come forward 
with a clear explanation of the mode of 
action of any of these drugs, although 
recent studies by Mayer-Gross and asso- 
ciates*® and by Hoff and Arnold*! per- 
mit us to speculate that they might in- 
hibit the effects of hallucinogens (LSD- 
25 specifically ) on phosphorylation or on 
the citric acid cycle in glucose metab- 
olism. Could it be that they correct a 
portion of the metabolic errors which 
may produce the schizophrenic reaction 
pattern, but not all of them? I leave 
you with this question along with many 


others. I find at least two questions that 
are urgent. First, why doesn’t somebody 
try to devise a diagnostic laboratory test 
for schizophrenia which seeks out the 
indoles which may be present in a pe- 
culiar way in the blood or urine of these 
patients? Second, why can’t some new 
tools be devised to screen potential new 
ataractic drugs? If they must be tested 
only in the human, their discovery will 
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be slow and laborious. 

We may be assured that a great deal 
of work will be done in this field in the 
days just ahead, and we may find a real 
ray of hope for a large and wretched 
group of sick people in this type of in- 
vestigation. The chemists and the phar- 
macologists will do the most of it, but 
they will need the sober advice and the 
guiding hand of the clinician along ev- 
ery step of the way. By temperament 
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@ I pass now to another and capital question, the solution of which will ex- 
plain a great many mysterious pathological cases observed in man: How is 
it that sensibility is not lost and is only more or less diminished, although the 
spinal cord is deeply altered? This question seems to be solved by the fol- 
lowing experiments: If we divide transversely the posterior columns in the 
upper part of the lumbar region in a mammal, we find that there is hyper- 
aesthesia everywhere behind the section; if we then divide the posterior parts 
of the lateral columns and the posterior gray horns, we find that the hyper- 
aesthesia increases also everywhere behind the section. If the section is carried 
farther, so that the whole posterior half be divided transversely, the posterior 
part of the gray matter, behind the central canal, being cut, the hyperaesthesia 
remains excessive everywhere behind the section. When another section is 
made, cutting a little more of the central gray matter, the hyperaesthesia dis- 
— from everywhere at once, and a certain degree of anesthesia appears 
also everywhere behind the section. At last, if the whole of the central gray 
matter be divided, with also a good part of the basis of the anterior horns, 
sensibility is very much diminished everywhere behind the division, and it 
disappears entirely everywhere at the same time when the section has left only 
the anterior ports of the anterior columns. The general result of this experi- 
ment is, that any change that takes place in the state of sensibility—either an 
increase or a diminution—shows itself everywhere, at the same time, behind 
the section. 


C. E. Brown-Sequard in Lectures on the Physiology and 
Pathology of the Central Nervous System, published in 1860. 
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Prostigmine- Responsiveness and the 


Diagnosis of Myasthenia Gravis 


Lewis P. Rowland, M.D. 


ALTHOUGH THE CLINICAL FEATURES of my- 
asthenia gravis were delineated before 
1900,1? it has been the experience of 
several clinics that the number of pa- 
tients with this disorder has increased 
in the past two decades. This apparent 
increase is probably due to the interest 
stimulated by the efficacy of prostigmine 
in treatment® and diagnosis.* 

Some early reports suggested that pa- 
tients with other neuromuscular disor- 
ders might improve after the administra- 
tion of prostigmine,®* but most observ- 
ers stated that only in myasthenia would 
the improvement be unequivocal and 
diagnostic."*:° Responsiveness to pro- 
stigmine became an important criterion 
in making the diagnosis. If the weakness 
is not corrected by prostigmine, some 
authorities would be reluctant to classify 
a syndrome as myasthenia gravis except 
when the symptoms are very mild, weak- 
ness is confined to extraocular muscle, or 
in the terminal phase of the diseases.’® 

It is the purpose of the present report 
to describe a small series of cases which 
illustrate the necessity to reconsider this 
concept, and to demonstrate some of the 


problems of clinical definition which 
may arise. 


A SYNDROME CLINICALLY INDISTINGUISH- 
ABLE FROM MYASTHENIA GRAVIS, BUT 
LACKING RESPONSE TO PROSTIGMINE 


Walsh ™ has described patients whose 
clinical symptoms and signs were those 
of myasthenia gravis, but who did not 
respond to prostigmine. His cases were 
not examined anatomically and the pos- 
sibility that some other disease may 
have been present cannot be excluded, 
even though it seemed unlikely. The fol- 
lowing case, previously reported’? but 
not presented in detail, demonstrates 
that autopsy examination of such pa- 
tients may fail to disclose any abnor- 
mality of muscle, nerve, or central nerv- 
ous system. 


Case 1.—A 45 year old woman noted the 
onset of diplopia after an upper respiratory in- 
fection in February 1951. One year later her 
voice assumed a nasal quality and_ shortly 
thereafter dysphagia was noted. She lost 50 
pounds during the next few months. Weakness 
of the extremities ensued and she was admit- 
ted to the Neurological Institute of New York 
on August 17, 1952. 
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PROSTIGMINE-RESPONSIVENESS IN MYASTHENIA GRAVIS 


General examination was normal. There was 
slight weakness of the extremities but no atro- 
phy. Tendon reflexes and sensation were nor- 
mal. The cranial nerves were normal except 
for weakness of the medial and lateral recti 
bilaterally and dysarthria. 

Normal values were obtained for the follow- 
ing laboratory tests: blood count; urinalysis; 
blood nonprotein nitrogen, sugar, carbon di- 
oxide, and chloride; cerebrospinal fluid; roent- 
genograms of the chest and skull; electromyog- 
raphy; and radio-iodine uptake. 

The administration of 1.5 mg. prostigmine 
intramuscularly on two occasions resulted in 
equivocal improvement of voice and of swal- 
lowing, but made the diplopia worse and in- 
duced fasciculation of skeletal muscle. She 
also felt worse following the intravenous in- 
jection of 10 mg. of Tensilon and developed 
generalized fasciculations, but there was no 
change in her symptoms. Oral prostigmine, in 
doses up to 30 mg. four times daily and sup- 
plemented by ephedrine, produced no improve- 
ment when given for one week. During the 
second week of a later trial of oral prostigmine, 
she had more severe dysarthria and dysphagia. 
Respiratory difficulty appeared and was not 
relieved by the administration of 1.5 mg. pro- 
stigmine parenterally. Medication was discon- 
tinued and she was placed in a mechanical 
respirator on September 14. Improvement was 
rapid and she was able to breathe without 
assistance after five days. On September 30, 
1952 she was discharged without medication. 

At home she experienced transient episodes 
of dyspnea and was readmitted on October 12, 
1952. 

Vital signs were again normal. Her color 
was ashen, but not cyanotic. She was restless 
and the accessory muscles of respiration were 
being used. General examination was normal 
and there was no weakness of the extremities. 
There were no fasciculations or muscle atrophy. 
The deep reflexes were normal. The cranial 
nerves functioned normally except that the 
uvula was immobile and the tongue protruded 
weakly. Ocular movements at this time were 
grossly normal, but she complained of diplopia. 

During the night she began to have myo- 
clonic movements of the shoulders and upper 
extremities. Respiration became irregular and 
rapid, and she lapsed into coma. Oxygenation 
was maintained by positive pressure and al- 
though her color improved she remained un- 
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responsive. The movements of the upper ex- 
tremities recurred and were followed by atonia 
and apnea. This sequence of events was re- 
peated several times, and was not affected by 
200 mg. phenobarbital or 2 mg. prostigmine 
administered intramuscularly. An endotracheal 
tube was inserted and she was placed in a 
mechanical respirator. She gradually improved 
and regained consciousness several hours later. 

A tracheotomy was performed the next day, 
and on October 22 she was started on octa- 
methyl pyrophosphoramid (OMPA) 5 mg. 
twice daily. This was gradually increased to 
12 mg. twice daily on October 27. There was 
no improvement and the drug was discon- 
tinued on November 1 because of diarrhea and 
fasciculation. 

For the next few weeks she remained in the 
respirator almost continuously and she was fed 
by means of a nasogastric tube. She was then 
able to remain out of the respirator for several 
hours each day and after December 15 was 
able to breathe without assistance most of the 
time. 

During this period she was again given pro- 
stigmine, starting with minute doses which had 
no effect at all and gradually increasing until 
she received 0.75 mg. in a single parenteral 
dose. This amount was followed by increased 
diplopia and fasciculation. It was felt that the 
diplopia might have been aggravated because 
of partial and unequal improvement of the 
muscles involved, but the general reaction 
caused so much distress that further testing 
with larger doses was not attempted. An in- 
travenous injection of 2.5 mg. of Tensilon 
aggravated the diplopia but had no other ef- 
fect; 5.0 mg. Tensilon also aggravated the 
diplopia and may possibly have increased the 
range of ocular movements but did not affect 
respiration; after receiving 10.0 mg. she de- 
veloped fasciculation and ptosis of the eyelids. 

For one week an unsuccessful attempt was 
made to wean her from the respirator by using 
a rocking bed. On February 3, 1953 she sud- 
denly became unconscious and had to be re- 
turned to the respirator. She improved rap- 
idly and during the next two days she was 
able to remain out of the respirator for a few 
hours at a time. However, on February 6 
while on the rocking bed, she suddenly became 
apneic and could not be revived. 

Postmortem examination: There was bilateral 
lobular pneumonia and acute bronchitis, but 
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examination of the central nervous system re- 
vealed no abnormality and the peripheral 
nerves of the brachial plexus, one sciatic nerve, 
and both femoral nerves were all normal. The 
rectus, temporal, diaphragmatic, and psoas 
muscles were all normal. In the pectoralis 
major there were scattered muscle fibers which 
showed hyaline degeneration, with an increase 
in the number of muscle and sarcolemma nu- 
clei. Some other fibers were narrow but not 
degenerated and there were no inflammatory 
changes. These findings were thought to be 
of doubtful significance. The thymus was not 
recognized grossly, but random sections of the 
anterior mediastinal fat revealed a few micro- 
scopic remnants of thymic tissue. The thyroid 
showed a single small focus of lymphocytic in- 
filtration and there was a microscopic cortical 
adenoma of the left adrenal. The heart, kid- 
neys, and pituitary were normal. There was 
acute congestion of the liver. 

Comment: This syndrome included 
symptoms of ocular, pharyngeal, palatal, 
and respiratory muscle weakness. Varia- 
bility in the intensity of symptoms was 
documented by the fact that she sur- 
vived two separate exacerbations requir- 
ing treatment in a mechanical respirator 
and subsequently died while on a rock- 
ing bed. Although there may have been 
some effect on ocular muscles, the re- 
peated test doses of prostigmine and 
Tensilon failed to produce improvement 
of a degree sufficient to be considered 
as of diagnostic significance. Therapeu- 
tic trials of oral medication with prostig- 
mine and OMPA also failed, and the ad- 
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ministration of curare or quinine was 
avoided because of her precarious situa- 
tion. At autopsy there were no signifi- 
cant histologic changes other than pneu- 
monitis. Whether she actually had myas- 
thenia gravis is a matter of definition, 
but before the introduction of prostig- 
mine her disorder would certainly have 
been so classified. Indeed, she fits per- 
fectly the subtitle of Oppenheim’s mono- 
graph on myasthenia, “Bulbar paralysis 
without anatomical findings.” * 

A similar, but less conclusive problem 
of this nature has been encountered 
more recently. 


Case 2.—A girl was born in the Presbyterian 
Hospital of New York on January 28, 1954. 
Her mother was known to have had myasthenia 
gravis for three years and experienced a slight 
exacerbation of symptoms prior to term. The 
delivery itself was uneventful, but the baby’s 
cry was weak, her face was expressionless, there 
was no resistance to attempts to open the eyes, 
the pharyngeal reflexes were absent, and she 
had difficulty in sucking. Nasogastric alimen- 
tation was necessary (figure 1). The extremities 
moved normally and tendon reflexes were in- 
tact. Ocular movements were normal. 

In response to repeated test doses of prostig- 
mine in amounts up to 0.5 mg. subcutaneously, 
there was equivocal improvement in the vigor 
of her cry, but there was never any improve- 
ment in her ability to suck or in her facial ap- 
pearance. Despite the lack of definite response 
prostigmine was continued, 0.2 mg. every four 
hours subcutaneously, and no adverse effects 
were noted. When the baby was one week old it 


Fic. 1. Case 2. Photograph taken 
a few days after birth to illustrate 
nasogastric tube for alimentation, 
open mouth, and lack of facial 
animation in a girl with presump- 
tive neonatal myasthenia gravis. 
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was thought that she had improved somewhat; 
oral feeding was started and prostigmine was 
discontinued. Although she maintained her im- 
proved status for a few days, she soon began 
to take less milk by mouth and vomited several 
times. The facial immobility and weak cry were 
unchanged. She developed physical and roent- 
genographic evidence of pneumonitis and had 
fever (101° F.). She was treated with anti- 
biotics; prostigmine and nasogastric tube-feed- 
ing were resumed. Again there was no distinct 
response to prostigmine, but she improved dur- 
ing the next few days. She was then able to 
suck adequately and her cry became louder 
although her face still lacked animation. The 
improvement was maintained when prostigmine 
was stopped and she was discharged without 
medication on March 2, 1954. She has devel- 
oped normally since then and when last seen 
at the age of 16 months she showed no ab- 
normality. 


Comment: This child born of a myas- 
thenic mother had symptoms for about 
eight weeks after birth. The transient 
nature and the character of her symp- 
toms were similar to those previously 
reported to be characteristic of neonatal 
myasthenia.* Unlike most of the other 
children with the syndrome, however, 
this baby never showed a definite re- 
sponse to prostigmine. It is therefore of 
interest that the child reported by Gans 
and Forsdick'* also responded poorly to 
prostigmine. The use of curare or qui- 
nine is inapplicable in these infants and 
in the absence of a diagnostic phar- 
macologic test there may remain some 
doubt, but it was the opinion of those 
in attendance that this girl did suffer 
a myasthenic syndrome. 


MYASTHENIA GRAVIS WITH TEMPORARY 
LACK OF RESPONSE TO PROSTIGMINE 

It has been recognized that the effect 
of prostigmine in myasthenia gravis 
varies from patient to patient and from 
time to time in the same patient. This 
variability may create some confusion 
if the response to prostigmine is minimal 
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or absent at the time diagnostic studies 
are performed. There are some patients 
who fail to respond to prostigmine ini- 
tially, but who later behave in a more 
typical fashion. 


Case 3.—A 43 year old woman was well until 
1950, when she rather abruptly began to have 
difficulty in keeping her eyes open. Difficulty 
in chewing and swallowing appeared one 
month later and diplopia followed. She was 
referred to a neurologist who thought that she 
had myasthenia gravis and administered test 
doses of prostigmine (1.5 mg. intramuscularly ) 
on several occasions, but she failed to improve. 
She therefore received no specific therapy and 
her symptoms became worse during the next 
six months. She was then admitted to a near- 
by hospital and cortisone was administered for 
one week without effect. When the cortisone 
was discontinued she again received a test dose 
of prostigmine and this time she improved dra- 
matically. She was then started on oral pro- 
stigmine, 150 mg. daily, and improved signifi- 
cantly for the next three months. Her symp- 
toms then recurred and she became incapaci- 
tated despite treatment with prostigmine in 
amounts up to 300 mg. daily, tetra-ethyl pyro- 
phosphate and OMPA in varying amounts, and 
ACTH. Diplopia and ptosis were prominent. 
Dysarthria was constant and dysphagia was 
occasionally severe enough to require tube- 
feeding. She stayed in bed most of the time 
and occasionally had brief episodes of dyspnea. 

When she was seen at the Clinical Center 
of the National Institutes of Health in 1953, 
there was pronounced weakness of the extremi- 
ties and of the muscles innervated by cranial 
nerves, but there was no atrophy or reflex ab- 
normality. The administration of prostigmine 
in amounts up to 10.5 mg. in 60 minutes intra- 
venously or 900 mg. per day orally failed to 
produce significant improvement and may ac- 
tually have precipitated additional weakness.15 

Later she suffered an exacerbation of symp- 
toms and had to be treated in a mechanical 
respirator. At first she was able to gesture, 
grimace, and communicate by writing, but 
when medication was completely discontinued 
she became virtually immobile. When prostig- 
mine was restarted five days later (1.0 mg. per 
hour intramuscularly), she regained her lim- 
ited abilities. 
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Comment: It is possible that the 
original test dose of 1.5 mg. prostigmine 
was inadequate and that larger amounts 
might have produced the expected re- 
sults. It is of interest, however, that the 
usual amount proved to be adequate 
several months after the initial trials. 
The subsequent course and response to 
prostigmine-withdrawal indicate that 
what may seem to be complete refrac- 
toriness to prostigmine may be merely 
relative. 

One other patient has been seen whose 
course suggests a delayed response to 
prostigmine, but whose clinical picture 
is confusing and difficult to classify. 

Case 4.—A 43 year old woman was admitted 
to the Clinical Center of the National Insti- 
tutes of Health in 1954. Twenty years pre- 
viously she began to have intermittent weak- 
ness of the legs, resulting in frequent falls. 
In 1935 she noted weakness of the arms and 
fingers, difficulty in chewing, dysphagia, diplo- 
pia, ptosis, and dysarthria. There were minor 
fluctuations in the severity of these symptoms, 
but they persisted. In 1939 the diagnosis of 
myasthenia gravis was suggested by her per- 
sonal physician, but she did not respond to 
a test dose of prostigmine. In 1940 she was 
first admitted to the Hospital of the University 
of Pennsylvania. Prostigmine and quinine tests 
failed to confirm the diagnosis and the electro- 
myographic response to ulnar stimulation was 
not typical (see below). She was treated with 
desoxycorticosterone without success. In 1942 
she was readmitted and her response to qui- 
nine suggested the diagnosis of myasthenia, as 
did her electromyogram, but her response to 
prostigmine was poor. In 1947 she was admit- 
ted for the third time, and again the electro- 
myogram was atypical. She was discharged on 
oral prostigmine medication, but her condition 
did not change much. In 1950 she was re- 
admitted because of diarrhea and dermatitis. 
Roentgenographic examination of the gastro- 
intestinal tract was normal and a biopsy of 
skin showed only chronic fibrosis and hyper- 
pigmentation. During the course of this ad- 
mission she improved markedly in response to 
prostigmine and she maintained this improve- 
ment on 22.5 mg. orally every two and a half 
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hours during the day and 45 mg. at bedtime. 
Her condition remained unchanged thereafter 
except that in 1952 she began to have occa- 
sional attacks of pain, swelling, heat, and red- 
ness of various joints, most frequently the 
wrists. 

General physical examination in 1954 re- 
vealed no abnormality except for macular cu- 
taneous lesions (figure 2). There were no ab- 
normalities of the joints. The cranial nerves 
were normal except for weakness of the or- 
bicularis oculi and some weakness of the orbic- 
ularis oris. Her strength was difficult to eval- 
uate; she could move all muscles through a 
full range of motion against gravity, but she 
did not sustain any position for more than a 
few seconds without fatigue and she could not 
sustain any motion against resistance. There 
was no atrophy, fasciculation, or myotonia. 
Tendon reflexes and sensation were normal. 

Urinalysis, phenolsulfonphthalein excretion, 
hemogram, erythrocyte sedimentation rate, sero- 
logical test for syphilis, basal metabolism, radio- 
iodine uptake, serum precipitable iodine, blood 
urea nitrogen, sugar, cholesterol, sodium, po- 
tassium, calcium, phosphorus, albumin, glob- 
ulin, alkaline phosphatase, cephalin floccula- 


Fic. 2. Case 4. Myasthenia gravis with several atyp- 
ical features. The skin lesions were thought to be due 
to dermatitis factitia. A skin biopsy showed chronic 
fibrosis and hyperpigmentation. 
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Fic. 3. Case 4. Electromyographic 


of the 


ibductory digiti quinti to stimulation of the ulnar 


nerve at the elbow according to the technic of Harvey and Masland.** A. The record obtained two hours 
after her last regular dose of prostigmine. Instead of the decline in height of the action potential usually 
observed in patients with myasthenia gravis, there is an increase (the first potential measures 7.25 mV., 
the tenth, 10.25 mV.). B. Record obtained 10 minutes after the administration of 0.5 mg. prostigmine in- 
travenously (first potential, 7.25 mV.; tenth, 11 mV.). The same kind of record had been obtained at 
the University of Pennsylvania 14 years earlier (1940). 


tion, thymol turbidity, bromsulfalein excretion, 
and bilirubin were all normal. The electrocar- 
diogram was normal and roentgenograms of 
the lungs, mediastinum, gastrointestinal tract, 
hands, wrists, and knees were all normal. “Lu- 
pus erythematosus” cells were found in the 
peripheral blood on two occasions but not on 
two others. Muscle biopsy (left vastus lateralis ) 
was normal. 

On three occasions, after withholding pro- 
stigmine for five to 12 hours, she was given 
1.0 cc. of normal saline intravenously without 
any improvement. After each injection of sa- 
line, 0.5 mg. prostigmine was given intraven- 
ously. There was unequivocal improvement of 
strength of the arms and legs, but this was not 
pronounced. Each time nausea and abdominal 
cramps were prominent but there was no fas- 
ciculation. On two other occasions after pro- 
stigmine withdrawal, 10 mg. Tensilon was 
given intravenously and the response was simi- 
lar to that following prostigmine. 

In response to ulnar nerve stimulation at a 
rate of 25 shocks per second, the action poten- 
tial of the abductor digiti quinti showed a pro- 
gressive increase in height (figure 3). This was 
noted when medication had been withdrawn, 
and the tendency was not corrected by the ad- 
ministration of 0.5 mg. prostigmine intraven- 
ously. 

On two occasions the administration of a 
barium mixture for roentgen examination of 
the esophagus was followed by marked reten- 
tion in the middle and lower thirds of the 
esophagus (figure 4), with only slight retention 


in the pyriform fossae. There was no spontane- 
ous clearing during the next ten minutes and 
after the administration of prostigmine intra- 
venously, there was only slight and slow emp- 
tying. 

A dermatologic consultant thought that the 
skin lesions represented dermatitis factitia. A 
psychiatric consultant thought that she was 
fairly stable emotionally and that whatever 
emotional difficulties she manifested were the 


Fic. 4. Case 4. Atypical retention of barium in the 
esophagus. Prior to the administration of prostigmine 
the barium is suspended in the upper third of the 
esophagus (A). She was then given 0.5 mg. prostig- 
mine intravenously. There was no dramatic clearing 
but the bolus slowly descended and 10 minutes later 
was in the lower third of the esophagus (B). 
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result rather than the cause of her muscle 
symptoms. 

Comment: The diagnosis of myasthe- 
nia gravis in this woman was initially 
suggested by her symptoms and physical 
findings, but a typical response to pro- 
stigmine was delayed for almost ten 
years. Even now she shows only a lim- 
ited response, although it is unequivocal 
and consistent and has therefore been 
considered diagnostic. In addition, the 
paucity of cranial nerve signs at present, 
the history of joint symptoms, the posi- 
tive lupus erythematosus preparation, 
and the retention of barium in the esoph- 
agus after the administration of prostig- 
mine are all atypical. The lack of histo- 
logic alteration in the muscle biopsy does 
not support the diagnosis of polymyosi- 
tis, but some of the atypical features sug- 
gest that she may follow a course similar 
to that of a patient described by Harvey 
and co-workers'® who originally seemed 
to have myasthenia gravis but subse- 
quently developed manifestations of lu- 
pus erythematosus. Her response to qui- 
nine or curare at the present time would 
be of interest, but it has been shown!? 
that some patients with myasthenia are 
not more sensitive to curare and some 
normal people are just as sensitive as 
most myasthenics. 


MYASTHENIA GRAVIS AND 
POLYMYOSITIS 


Both Eaton and Schwab, previously 
proponents of the idea that only myas- 
thenia gravis will respond in diagnostic 
fashion to the administration of prostig- 
mine,®° have recently modified their 
earlier position.’* Eaton'® and others!®-°? 
have reported that some patients with 
polymyositis will improve significantly 
when given prostigmine. Furthermore, 
there have been reports of patients with 
more or less typical pictures of myasthe- 


nia gravis who had clinical features sug- 
gestive of progressive muscular dystro- 
phy.?3-*6 

The classification of these patients is 
difficult because patients with unequiv- 
ocal myasthenia gravis may have histo- 
logic lesions of skeletal muscle which 
are characterized by necrosis of muscle 
fibers and an inflammatory response suf- 
ficient to constitute a nodular myositis.!* 
7-29 The difficulty is compounded when 
a concept of polymyositis is offered in 
which the diagnosis may be made even 
though an inflammatory cellular re- 
sponse is lacking.*° Therefore, the differ- 
entiation between the two conditions 
should not be made solely on the basis 
of histologic alteration, nor the clinical 
response to prostigmine alone. 

Since the etiology of neither myasthe- 
nia gravis nor polymyositis is known, 
it is possible that either syndrome may 
result from more than one etiology. It 
is also possible that some patients may 
have a syndrome which has the charac- 
teristics of polymyositis predominantly, 
but which also has some of the features 
of myasthenia gravis. The reverse may 
also be true, while in some patients the 
syndromes may be so admixed that a 
clearcut classification is not possible. In 
essence, there seems to be a syndrome 
of “myasthenic myositis.” 

The following patient (also previously 
reported’? but not presented in detail) 
was thought to have myasthenia gravis, 
although at autopsy she had a devastat- 
ing myocarditis and there were focal 
lesions of similar nature in some skeletal 
muscles. 

Case 5.—A 31 year old woman delivered a 
normal child at the Presbyterian Hospital of 
New York on April 4, 1943. On November 16 
she was readmitted; she had been pregnant 
again for two months and for the same period 
of time has had noted dysphagia, dysarthria, 
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and weakness of the arms. ‘A roentgenogram 
of the chest revealed an anterior mediastinal 
mass thought to be a thymoma, but operation 
was deferred because of the pregnancy. 

A prostigmine test was positive and she was 
started on oral therapy. At home her symp- 
toms persisted although she took 300 mg. pro- 
stigmine daily. On April 23, 1944 she was 
readmitted in an acute exacerbation of symp- 
toms but improved rapidly. On May 1 she 
delivered a normal infant spontaneously. The 
immediate postpartum period was uneventful 
and she was discharged on May 15, still taking 
200 mg. prostigmine daily. 

On May 19 she was admitted for the third 
time because of an increasingly severe cough 
and dyspnea. She was afebrile and in no acute 
distress, but she was coughing and had some 
difficulty in raising bronchial secretions. Res- 
piratory movements were rapid and shallow but 
there was no cyanosis and her lungs were clear. 
There were widespread cranial nerve palsies 
and she was unable to speak. There was weak- 
ness of the extremities but no atrophy, fascicu- 
lation, or tenderness of the muscles. Tendon 
reflexes and sensation were normal. 

She received 1.0 mg. prostigmine parenter- 
ally and was then able to take oral medication, 


Fic. 5. Case 5. Necrosis of muscle fibers with foci of 
small round cells, polymorphonuclear leukocytes, and 
eosinophils in a patient with myasthenia gravis. A. 


Skeletal muscle. B. Myocardium. 
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15 mg. at hourly intervals, with parenteral sup- 
plements about once a day for brief episodes 
of dyspnea. On June 2 and 3 she spent sleep- 
less nights, sitting in a chair most of the time, 
but her lungs remained clear on physical ex- 
amination and she was afebrile. On June 5 
she received an infusion of 5 per cent dextrose 
in saline. Following this she appeared restless 
and was given 0.2 gm. Nembutal orally and 
0.5 mg. prostigmine parenterally. Thirty min- 
utes later she suddenly became dyspneic and 
orthopneic. Cyanosis supervened and she be- 
came excited. This was not relieved by paren- 
teral prostigmine or paraldehyde. She gradu- 
ally became comatose and died that evening. 
Postmortem examination: 1) There was a 
large thymoma with no signs of malignancy. 
2) Specimens from the diaphragm, intercostal, 
and cervical muscles all showed occasional 
necrotic muscle fibers surrounded by small foci 
of round cells and eosinophils (figure 5A). 
3) There was also a subacute diffuse myo- 
carditis (figure 5B) with many focal lesions of 
variable size, often coalescing. The inflamma- 
tory reaction consisted predominantly of small 
round cells and plasma cells, but there were 
also some multinucleated giant cells, eosinophils, 
and polymorphonuclear leukocytes. Within these 
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areas, myocardial fibers were necrotic but no 
organisms were demonstrated. There was car- 
diac hypertrophy, with a thrombus in the left 
ventricle. 4) There was evidence of bilateral 
pulmonary atelectasis, acute pulmonary con- 
gestion, and an infarction of the right lower 
lobe. 5) Small collections of lymphocytes were 
seen in the thyroid and there was moderate 
congestion of the liver and spleen. Other vis- 
cera were normal and the central nervous sys- 
tem was not examined. 

Comment: The clinical picture pre- 
sented by this woman was that of my- 
asthenia gravis. The myocardial lesions 
could be coincidental, but the frequency 
with which they have been encountered 
in this disease’*.**-**.5! and the similarity 
of the lesions in skeletal muscle suggest 
a more intimate relation. It is possible 
that if she had not been given prostig- 
mine the anatomic diagnosis would have 
been polymyositis. This syndrome might 
best be classified as “myasthenia gravis 
with polymyositis.” 


MYASTHENIA WITH MINIMAL MANIFESTA- 
TIONS: DIFFICULTY OF EVALUATING 
PROSTIGMINE RESPONSE 


Clinical signs of myasthenia gravis 
may be so mild that there is insufficient 
weakness to test for a response to pro- 
stigmine. In such patients provocative 
tests with quinine or curare may be of 
value.**-** The following patient illus- 
trates this at a time when he was in par- 
tial remission, but it may also be true 
of patients with very mild myasthenia 
when they are first seen. 

Case 6.—A 37 year old policeman noted the 
onset of weakness of the right arm while main- 
taining a prolonged salute. During the next 
few weeks this was followed by weakness of 
the left arm, ptosis, dysphagia, weakness of 
the cervical muscles, and occasional dyspnea 
at rest. A diagnosis of myasthenia gravis was 
made elsewhere on the basis of a prostigmine 
test and he was subsequently treated with small 
amounts of OMPA (3.0 mg. twice daily), sup- 
plemented by 45 to 60 mg. prostigmine. Im- 
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provement in strength was significant, but 
easy fatigability impaired his ability to work 
and muscarinic symptoms were annoying. 
When admitted to the Clinical Center of the 
National Institutes of Health 17 months after 
the onset of symptoms, there were no abnor- 
malities other than coarse nystagmus on lat- 
eral gaze. Because of the absence of definite 
signs all medication was discontinued. Slight 
and inconstant ptosis of the right eyelid ap- 
peared and he had some weakness of the 
muscles of the right shoulder girdle, but these 
signs were not impressive. A provocative test 
with quinine was performed 16 days after 
OMPA had been discontinued. Thirty minutes 
after the third hourly dose of 0.3 gm. quinine, 
he developed difficulty in holding his head 
erect and he had more pronounced weakness 
throughout the extremities. There was distinct 
ptosis of the right eyelid and weakness of the 
facial muscles. He was then given 0.5 mg. 
prostigmine intravenously and within three 
minutes there was demonstrable improvement. 


ASTHENIA DUE TO PSYCHONEUROSIS 


Probably the most frequently encoun- 
tered nonmyasthenic syndrome in which 
improvement occurs after the adminis- 
tration of prostigmine is that in which 
asthenia is related to emotional factors. 
The fact that such patients usually re- 
spond equally well to placebos is not 
in itself conclusive evidence that myas- 
thenia gravis is not present, since in some 
patients with myasthenia the response to 
placebo may be sufficient to be quite 
misleading and in some circumstances 
may be dangerous.?* However, psycho- 
neurotic asthenia does not usually cre- 
ate symptoms referable to the cranial 
nerves (with the possible exception of 
“globus hystericus” ). The following case 
illustrates the confusion which may re- 
sult when cranial nerve symptoms are 
present, and the usefulness of provoca- 
tive tests in such patients. 

Case 7.—A 21 year old girl was referred to 


the Clinical Center in 1954 after a diagnosis 
of myasthenia gravis had been made at a ma- 
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jor medical clinic. Easy fatigability had lim- 
ited her activities since the age of five. No 
specific weakness appeared until she was 20 
years old, when she noted dysphagia and dif- 
ficulty in chewing. She lost 36 pounds during 
the next five months. Weakness of the hands 
was pronounced and generalized weakness soon 
forced her to bed. Drooping of the eyelids and 
diplopia were reported to vary in severity. 
Episodes of chest pain and dyspnea occurred 
from time to time. Because she showed symp- 
tomatic improvement after the administration 
of prostigmine, her personal physician referred 
her to a nearby clinic for study. There she 
also had a positive response to a Tensilon test,35 
and the diagnosis of myasthenia gravis was 
made, She was given prostigmine orally, aver- 
aging 350 mg. daily, and improved slightly, 
but she was still confined to her home, spent 
most of her time in bed, and required assistance 
to lift small objects or cut food. 

Her past history was unremarkable except 
that she had complained of pain in the back, 
abdomen, and legs for many years, persisting 
despite an appendectomy which had been done 
because of these symptoms at the age of 15. 
Photographs of the patient at age one showed 
ptosis of the left eyelid (figure 6). Her father, 
the paternal grandfather, and one paternal aunt 
were also reported to have ptosis of the left 
eyelid, but photographs were not available. 

General physical examination was normal. 
The cranial nerves functioned well except for 
ptosis of the left eyelid. Motor examination 


Fic. 6. Case 7. Ptosis of the left eyelid was the only 
definite abnormality when this woman developed com- 
plaints suggestive of myasthenia gravis (B). However, 
she also had ptosis at the age of one year (A), and 
there was a family history of this phenomenon. 
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was difficult to evaluate, since she could move 
all muscles against gravity, but none against 
resistance. There was no atrophy or fascicula- 
tion and tendon reflexes were all normal. The 
plantar responses were flexor and abdominal 
skin reflexes were normal. Equilibratory and 
nonequilibratory coordination were normal. 
Sensation was intact. There was no roentgeno- 
logic evidence of thymoma. 

Pharmacologic tests were performed on sev- 
eral occasions and active agents were always 
preceded by an injection of saline or caffeine 
intravenously. The placebos were usually fol- 
lowed by improvement in the strength of her 
arms and in grip strength. However, the ad- 
ministration of Tensilon on five separate trials 
failed to produce any improvement in response 
to doses of 10 or 20 mg. intravenously. Simi- 
larly, she showed no improvement after the 
administration of prostigmine intravenously on 
four occasions in doses ranging from 0.5 to 
1.5 mg. 

She was given quinine orally, 0.3 gm. every 
hour for six hours. Symptoms of cinchonism 
occurred and although there was no definite 
change in her appearance or performance, she 
reported subjective improvement. Curare was 
given intravenously on two occasions, 1.5 and 
5.0 mg. respectively, and she showed no in- 
creased sensitivity. No abnormal fatigue of 
the action potential of the abductor digiti quinti 
was noted in response to ulnar nerve stimula- 
tion. 

Although she averaged 300 to 500 mg. daily 
of prostigmine during her first week in the hos- 
pital, there was no significant change when 
medication was discontinued for a period of 
two weeks. On several occasions she failed to 
answer verbal questions and commands, but 
she gave other evidence that she was awake 
and after injections of a placebo she would 
usually start responding. 

Psychologic tests (Wechsler-Bellevue, Ror- 
schach, Thematic Apperception Test) were 
interpreted to show a lack of integration, fail- 
ure to adapt, and tendency toward withdrawal, 
suggesting the presence of a schizophrenic 
process. A psychiatric consultant expressed the 
opinion that the patient showed features of 
both a hysterical disorder and a schizophrenic 
process. 


Comment: The confusing aspects of 
this girl’s problem were the specific na- 


B 


622 


ture of her complaints, the presence of 
ptosis, her tolerance of large amounts of 
prostigmine, and the response to Ten- 
silon elsewhere. That the ptosis is con- 
genital is attested to by the family his- 
tory and the earlier photographs. Tol- 
erance for large amounts of prostigmine 
is probably more characteristic of pa- 
tients with myasthenia than nonmyas- 
thenics, but some patients with the dis- 
ease are sensitive to the muscarinic ef- 
fects of the drug and some people who 
do not have myasthenia may be un- 
usually tolerant. The original responses 
to prostigmine and Tensilon were prob- 
ably placebo effects, since she subse- 
quently failed to show diagnostic re- 
sponses to prostigmine, Tensilon, curare, 
or quinine and she did not develop more 
definite symptoms when prostigmine was 
discontinued. Psychiatric investigation 
provided the most direct evidence of the 
basis of this patient’s disorder. The com- 
bination of all these facts probably ex- 
cludes the diagnosis of myasthenia gravis 
even though it cannot be said with ab- 
solute certainty that she may not have 
some neuromuscular disorder of obscure 
nature. 


CONCLUSIONS AND SUMMARY 


Case histories have been presented to 
illustrate the need for reconsideration of 
the criteria necessary to make the diag- 
nosis of myasthenia gravis. 

It is suggested that any syndrome of 
muscular weakness not accompanied by 
alteration of tendon reflexes or sensation 
in which strength improves significantly 
after the administration of adequate 
amounts of prostigmine or Tensilon 
should be considered to be myasthenia 
gravis, except when psychoneurosis can 
be demonstrated to be etiologically im- 
portant. The diagnosis becomes more 
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certain if there have been remissions in 
the past, if weakness is aggravated by 
fatigue and improved by rest, and if 
symptoms referable to the cranial nerves 
are prominent, but none of these features 
individually is necessary. 

The presence of inflammatory lesions 
in skeletal muscle, macroscopic muscular 
atrophy, or thyrotoxicosis does not auto- 
matically change the diagnosis from my- 
asthenia gravis to polymyositis, muscular 
dystrophy, or thyrotoxic myopathy. Al- 
though some clinical features may sug- 
gest one of these alternative diagnoses 
in such cases, it might prove least con- 
fusing to regard any prostigmine-respon- 
sive syndrome as myasthenia gravis and 
to recognize that myasthenia may occur 
in association with other disorders. 

It is not necessary to assume that all 
prostigmine-responsive syndromes will 
prove to have the same etiology, or even 
the same physiologic disturbance. There 
is suggestive evidence that the associa- 
tion of myasthenia gravis with thymo- 
thyrotoxicosis,**» 
and perhaps bronchial carcinoma” or 
epilepsy** is more than coincidental and 
possibly of etiologic significance. Wheth- 
er the pathophysiology which produces 
myasthenic symptoms is the same in all 
of these conditions is unsettled. 

The converse of the above postulate 
is not necessarily true, since some pa- 
tients with a clinical syndrome identical 
to that described for myasthenia gravis 
may never respond to prostigmine in di- 
agnostic fashion. Whether or not this is 
actually the same disease cannot be stat- 
ed, but when a patient presents a dis- 
order characterized solely by weakness 
of the extremities and of respiratory and 
cranial muscles, when the severity fluc- 
tuates and autopsy fails to provide an 
anatomic diagnosis, it is difficult to use 


we 
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any label other than myasthenia gravis, 
regardless of the lack of response to pro- 
stigmine. The existence of such cases 
creates a problem in classifying and 
understanding these cases of polymyosi- 
tis and asthenic syndromes associated 
with hyperthyroidism which do not re- 
spond to prostigmine. 

The possibility that some patients with 
myasthenia may never respond satisfac- 
torily to prostigmine or Tensilon does 
not detract from the general usefulness 
of these drugs as diagnostic agents. Fur- 
thermore, some patients who initially 
seem to belong in this category may sub- 
sequently respond in the characteristic 
manner, so that repeated tests may some- 
times be rewarding. 

The value of having a therapeutic test 
is emphasized by reports of patients with 
fatal syndromes of muscular weakness 
who did not receive prostigmine. The 
diagnosis of myasthenia gravis seems 
reasonably certain in such untreated dis- 
orders when they are associated with 
thymomas**.5*.4° but there may be doubt 
when there is no thymic tumor. It is 


likely that there are many unreported 
cases of this nature. 

Provocative tests with curare and qui- 
nine may be valuable when the mani- 
festations of myasthenia are mild, when 
emotional factors are significant, or when 
the effects of prostigmine are difficult to 
evaluate. However, quinine and curare 
may be dangerous and should not be 
used when patients are seriously affect- 
ed. Furthermore, it has been shown that 
the tests may not be absolutely spe- 
cific.'7 In mild and equivocal cases the 
use of placebos prior to therapeutic tests 
is of value. 

These considerations exemplify some 
of the difficulties of classification and 
diagnosis. Differences of opinion are 
likely to persist until more fundamental 
information about the pathogenesis of 
myasthenia becomes available and per- 
mits a rational concept of this disorder. 
It has been suggested by several writers 
that myasthenia gravis may be a syn- 
drome of varied etiology and not a dis- 
ease entity. 


The author is indebted to Drs. H. Aranow, Jr., S. Carter, G. D. Gammon, P. F. A. Hoefer, R. 
McIntosh, H. H. Merritt, G. M. Shy, and A. Wolf for permission to publish reports of the pa- 
tients described herein, and for critical advice in preparing the manuscript. 
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Syndrome of Intermittent Insufficiency 


of the Basilar Arterial System 


Robert G. Siekert, M.D. and Clark H. Millikan, M.D. 


TRANSIENT EPISODES of focal neurologic 
abnormalities occurring in the middle 
or older age groups and attributed vari- 
ously to so-called vasospasm or small 
strokes are common and have been 
known to neurologists for many years. 
Despite considerable study, the exact 
pathogenesis of these has not been made 
clear. It is not the purpose of this com- 
munication to deal at length with data 
concerning the causation of these tran- 
sient states of dysfunction of the central 
nervous system, although ischemia is 
assumed to be the factor fundamental 
to the actual production of symptoms. 
Rather, we wish to point out that there 
is a group of patients who, for one rea- 
son or another, have transient episodes 
presumably due to insufficient blood 
flow through various portions of the ba- 
silar arterial system. 

These phenomena have never been 
adequately grouped. This complex of 
periodic transient symptoms might be 
termed “the syndrome of intermittent 
insufficiency of the basilar arterial sys- 
tem.” Although in some cases the diag- 
nosis can only be suspected, in many 
instances the diagnosis can be made if 


one is alert to the possibility. It is our 
impression that these periodic phenom- 
ena due to insufficiency of the basilar 
artery may be more common than is 
generally believed. It also appears that 
this symptom complex is a common his- 
toric feature in patients who succumb 
to closure of the basilar artery by throm- 
bosis. Once the diagnosis of occlusion 
of the basilar artery is established, seri- 
ous neurologic abnormalities are usually 
present and the prognosis is grave. If 
treatment is to be adequate, it must 
in a sense be preventive or anticipatory, 
since there is no replacement for in- 
farcted cerebral tissue. The first requi- 
site for any treatment is early diagnosis. 

The transitory episodes under discus- 
sion may occur for months or years. They 
may be brief, lasting several minutes, or 
they may last several hours. Most last 
about 15 to 30 minutes. Between these 
spells the patient is well. Examination 
between the episodes reveals normal 
findings, while during an attack objec- 
tive abnormalities are demonstrable. 
Although there are instances in which 
minor residual neurologic difficulty re- 
mains, we have chosen to look on most 
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of the latter as instances of permanent 
damage to the brain, presumably from 
actual thrombosis with infarction, and 
not from episodic ischemia alone. 

The symptoms include weakness or 
numbness of a limb or limbs, visual ab- 
normalities, and pseudobulbar or bulbar 
phenomena. Several cases are given to 
illustrate some of the various manifesta- 
tions. Normal laboratory and other non- 
contributory findings have been elim- 
inated from the case reports. 


ILLUSTRATIVE CASES 


Case 1.—A 62 year old farmer had had epi- 
sodes of vertigo lasting five to 30 minutes over 
a two-year period. Three days prior to admis- 
sion he had an episode of vertigo and slurred 
speech. While driving to a nearby town, he 
again had trouble talking and this lasted 30 
minutes. That night he had an attack during 
which his vision was dim and he was vertigi- 
nous. Then he was well until the day of ad- 
mission when he had several attacks, one of 
staggering gait and vomiting, another of dys- 
arthria, and another of left hemiparesis. Shortly 
before admission he began to have trouble 
focusing his eyes, and examination revealed 
almost complete paralysis of ocular movement, 
miotic pupils, dysarthria, right peripheral facial- 
nerve palsy, left hemiparesis and hemianesthe- 
sia, and weakness of protrusion of the tongue. 
He soon lapsed into coma and died three days 
later. Necropsy revealed thrombosis of the ba- 
silar artery in its distal two-thirds, and infarc- 
tion of the pons, particularly the right side, 
the right side of the midbrain, and the right 
cerebellar hemisphere. 

Case 2.—The patient was 74 years old at the 
time of his death in 1953. In 1952 he had sev- 
eral episodes of vertigo and on May 1, 1953, 
while driving, he had a five-minute episode of 
vertigo and nausea. The next day on arising 
he felt dizzy and vomited. Later, his vision 
was poor in the right homonymous half field 
during a 30-minute period. Still later that day 
an episode occurred wherein his speech was 
slurred. The following day he had a transient 
attack of dysphagia from which he likewise 
recovered. He was admitted to the hospital on 
May 9, 1953, soon after the development of 
poor use of the right limbs and ptosis of the 
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right lid. Neurologic examination revealed, in 
addition, nystagmus on lateral gaze and aniso- 
coria (right larger). The next day the limbs 
were normal, but he had dysarthria and the 
nystagmus was more pronounced. On May 11 
a right homonymous hemianopsia was demon- 
strable. Two days later he was comatose, with 
flaccid limbs and bilaterally positive Babinski 
signs. He died on May 15 and necropsy dis- 
closed thrombosis of the basilar and left pos- 
terior cerebral arteries. There was massive in- 
farction of the pons, midbrain (more on the 
left), left occipital lobe, and the posterior por- 
tion of the left thalamus. 

Case 3.—This patient was 63 years old when 
he died in 1953. During the summer of 1950 
he had many “blackout spells” without actually 
losing consciousness completely. These stopped, 
but in 1951 he had episodes of tingling in the 
hands that lasted ten to 30 minutes. During 
the summer of 1952 he had a myocardial in- 
farction and noted transient slurring of speech 
and unstable gait at that time. In May 1953 
he began to have spells of confusion, mum- 
bling speech, and dimness of vision. These 
occurred two or three times a day and lasted 
15 to 30 minutes. These continued, and early 
on June 11 he had an attack of right hemi- 
paresis, including the lower half of the face, 
with positive Babinski sign, dysarthria, and 
vomiting. He was observed during this attack 
when the above abnormalities were noted, and 
within an hour he was strikingly normal. He 
was sent to the hospital but on the way became 
comatose and died late that day. Necropsy re- 
vealed laminated thrombosis of the distal por- 
tions of the vertebral and the basilar arteries 
and infarction of the pons. 

Case 4.—About two weeks prior to admission, 
a middle-aged lady began to have attacks of 
vertigo. These lasted five to ten minutes and 
occurred two or three times a day. Between 
these episodes she was well. Several days after 
the onset of these spells, she had an attack of 
left hemiparesis lasting 15 to 20 minutes. For 
the next week she had frequent episodes of 
hemiparesis, some involving the left limbs and 
some the right limbs. The day before admis- 
sion dysphagia occurred and on admission she 
was stuporous. She died three days _ later. 


Necropsy revealed thrombosis of the basilar 
and vertebral arteries and hemorrhagic infarc- 
tion of the pons, particularly the left side, and 
infarction of portions of the left calcarine area. 
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INTERMITTENT BASILAR INSUFFICIENCY 


In cases 1 to 4, the patients had throm- 
botic occlusion of the basilar artery and 
infarction within its field of supply. In 
some instances, the infarction occurred 
in areas previously presumed to have 
had episodic insufficiency of blood flow. 
The basilar artery was thickened and ar- 
teriosclerotic and contained a _ recent 
thrombus of an age consistent with the 
clinical history. Review of the protocols 
indicates transient episodes of neuro- 
logic dysfunction early in the course of 
the illness, and this phase would then be 
the syndrome of intermittent insufficien- 
cy of the basilar arterial system. From 
the point in time when persistent neuro- 
logic deficits remain, it is assumed that 
infarction, probably due to thrombosis 
within this field, was present. In these 
cases death ensued and was related to 
thrombosis of the basilar artery itself. 


Case 5.—A 60 year old man was seen because 
he had had “spells” for about two years. These 
attacks consisted of the sudden onset of ver- 
tigo, diplopia, and dimness of vision. Each 
lasted several minutes and their frequency had 
gradually increased until they were occurring 
three to four times a week. In an occasional 
attack there were also numbness of the left 
limbs and poor use of the left hand. On one 
occasion the speech was slurred. Neurologic 
examination on admission was normal. 

Case 6.—Ten days before admission a 56 
year old man began to have episodes during 
which he had dysarthria, dysphagia, and quad- 
riparesis. These attacks lasted from several min- 
utes to an hour and were of varying severity. 
Their frequency increased and on the day of 
admission he had 12 of them. Examination 
during an attack revealed him to be dysarthric, 
dysphagic, and quadriplegic, with hyperactive 
stretch reflexes and bilaterally positive Babinski 
signs. After the attack the results of neurologic 
examination were normal. 

Case 7.—During the two years prior to admis- 
sion, a middle-aged man had three episodes 
wherein he suddenly became nauseated and 
“blacked out.” He was unconscious one or two 
minutes. Four months before, he began to 
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have transient attacks of blurring of vision and 
numbness of the right limbs. Once there was 
a five-minute period of complete anopsia in 
the right half of the visual field only. On one 
occasion there were sudden paralysis of the 
right limbs and anarthria; these lasted 15 min- 
utes. On the day of admission he had an at- 
tack of quadriplegia and anarthria, an attack 
of left-sided paralysis, and three attacks of 
right-sided paralysis with slurred speech, each 
attack lasting some 15 minutes. One of the 
latter was observed, during which he had 
marked dysarthria with accurate word choice 
and no conceptual defect and a right hemi- 
plegia with a positive Babinski sign. The en- 
tire episode lasted about 15 minutes, following 
which he was normal. 

Case 8.—Three months prior to admission, 
a 50 year old man began having episodes of 
numbness and tingling of the tongue, right side 
of the face, and right upper limb, and mushy 
speech. Each lasted five to 15 minutes and he 
was symptomless between episodes. Their fre- 
quency gradually increased until they occurred 
three times a day. On one occasion the left side 
of the face and left hand were involved. Dr. 
L. M. Eaton observed the patient during one 
episode and noted severe dysarthria (not 
aphasia) and decrease in the alternate motion 
rate of the right hand. After the attack the 
results of the neurologic examination were 
normal. 


In cases 5 to 8 the patients had inter- 
mittent symptoms highly suggestive of 
insufficiency of the basilar arterial sys- 
tem. These four patients received anti- 
coagulant medication with prompt relief 
of their symptoms and have been re- 
ported elsewhere in this regard.* 


COMMENT ON CASES 


A review of the protocols presented 
herein reveals many symptoms. Singly 
they may all be explained by poor blood 
flow somewhere in the field of the ba- 
silar artery. When grouped ° together, 
these symptoms form a pattern which 
would appear to be explained by abnor- 
malities within this field alone. That 
ischemia is fundamental is implied from 
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the findings in those cases in which 
necropsy was performed and from the 
character of the attacks. 

The symptoms may conveniently be 
listed as 1) weakness of the limbs, 
2) visual or oculorotatory abnormalities, 
3) pseudobulbar or bulbar phenomena, 
4) numbness, and 5) miscellaneous. 

Weakness or poor use of a limb con- 
sisted variously of monoparesis, hemi- 
paresis, or quadriparesis. The occur- 
rence of hemiparesis on the right side 
in one attack and on the left in a dif- 
ferent attack is highly suggestive of ba- 
silar arterial insufficiency. 

Ophthalmologic abnormalities were of 
two types — visual dimness and oculo- 
rotatory trouble. Homonymous hemi- 
anopsia, or bilateral homonymous he- 
mianopsia,° recalled as dimness of vision, 
was frequently present. Presumably, 
monocular amaurosis does not appear in 
this syndrome. The occurrence of diplo- 
pia, somewhat less frequent historically, 
may serve to establish the diagnosis. 

The pseudobulbar or bulbar phenom- 
ena of dysphagia and dysarthria were 
common. No expressive aphasic dysfunc- 
tion was noted. Dysarthria and dyspha- 
gia do not necessarily have to occur si- 
multaneously in a single attack; in fact, 
it is surprising how often they may be 
dissociated. 

Numbness may appear in a limb or on 
one side of the body or face. Like hemi- 
paresis, where numbness alternates from 
side to side in different attacks, this is 
characteristic. 

In the miscellaneous group, the symp- 
toms of vertigo and confusion were 
noted. Episodes of vertigo probably are 
the most frequent single symptom. It 
was not associated with tinnitus or loss 
of hearing. Although vertiginous attacks 
are common alone, they may be associ- 


ated with another symptom such as 
nausea or vomiting. Episodes of vertigo 
and dizziness and of transient confusion 
or excessive sleepiness, in themselves, 
are often difficult to interpret. Within 
the framework of other symptoms, they 
take on a special meaning. 


DISCUSSION 


A review of the cases in the excellent 
study by Kubik and Adams‘ on occlu- 
sion (proved at necropsy) of the basilar 
artery reveals that eight of 11 patients 
with thrombosis had previous episodes 
consisting mainly of dizziness, headache, 
facial or limb weakness, and dysarthria. 
In their seven patients with embolism, 
only one had prévious neurologic symp- 
toms. Their study pointed out that oc- 
clusion of the basilar artery is by no 
means rare and that the diagnosis may 
often be made during life. 

Silversides® presented 22 cases of 
thrombosis of the basilar artery (proved 
at necropsy ). In these, nine patients had 
recurrent premonitory symptoms sug- 
gestive, as he wrote, of “periodic insuf- 
ficiency of blood flow to the brainstem.” 
He thought that a stenotic basilar artery 
was a prime factor in the causation of 
these. 

Denny-Brown,** in commenting on 
transient cerebrovascular episodes in 
general, expressed the opinion that sten- 
osis of either the carotid or the basilar 
artery played an important part in the 
genesis of such episodes. 

A recent personal review® of cases of 
thrombosis of the basilar artery indicat- 
ed that about two-thirds of the patients 
had episodes of neurologic symptoms 
prior to their final illness. 


DIAGNOSIS 


A single episode or several similar 
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INTERMITTENT BASILAR INSUFFICIENCY 


attacks consisting of only a few symp- 
toms may not be diagnostic. When 
many appropriate symptoms are present 
in a single attack, or when numerous 
attacks vary somewhat around a central, 
more stereotyped core, the symptoms 
can be attributed to intermittent insuf- 
ficiency of the basilar arterial system. 

The symptoms (or abnormal physical 
signs during an attack) vary, depending 
on the region involved. Since the region 
supplied by the basilar artery and its 
branches is relatively complex, many 
symptoms may occur. Each is nonspe- 
cific. When a pattern is formed by the 
occurrence of the same symptoms on 
opposite sides of the body in definite 
and separate attacks, the diagnosis is 
suggested, and with the addition of dim 
vision, dysarthria, dysphagia, diplopia, 
or vertigo, the diagnosis is probably cor- 
rect. 

It is to be emphasized that care need 
be taken by appropriate examination and 
observation to exclude other more likely 
causes of transient neurologic symptoms. 
Frequently difficulty arises in separating 
insufficiency in the basilar system from 
that in the carotid arterial system. In 
the latter, hemiparetic episodes remain 
one-sided and monocular dimness of vi- 
sion may occur. Aphasia or other con- 
ceptual defects occur, as would be ex- 
pected when the dominant side is in- 
volved. Dysphagia, slurred speech, and 
diplopia point to the brainstem. 

Aside from vascular etiology, convul- 
sive disorders in their various manifesta- 
tions and various expanding mass lesions 
presenting intermittent symptoms must 
be considered. The diagnosis may not 
always be immediately clear and further 
observation may be necessary. 

The course of this condition is not 
known. It is possible that some persons 
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have these spells for a while and then 
recover. The patients who have come to 
our attention apparently had serious con- 
ditions, and probably the episodes were 
increasing in frequency or severity. It 
is our feeling that many patients with 
this syndrome may later have thrombo- 
sis with extension of this into the main 
channel, producing serious neurologic 
deficit. 

In many patients who subsequently 
die of thrombosis of the basilar artery, 
the phase of intermittent insufficiency 
forms the early portion of the total 
course of the disease. The frequency of 
the spells tends to increase, and even- 
tually severe and permanent damage 
occurs. 

Our main interest in the pattern of 
attacks and the early historical aspects 
of basilar system disease is the concept 
of recognition early in its course, and 
it is to this that we wish to draw atten- 
tion. This recognition would seem to be 
important, since the symptoms of inter- 
mittent insufficiency appear to be re- 
lieved by the administration of antico- 
agulant drugs.” 


SUMMARY 


There is a group of patients with cere- 
brovascular disease who suffer periodic 
and transient episodes of neurologic dys- 
function, consisting, in various combina- 
tions, of weakness of the limbs, dimness 
of vision, diplopia, dysphagia, dysarth- 
ria, vertigo, numbness, and confusion. 
The occurrence of these symptoms in 
sharply episodic form and the pattern 
thus evolved appear to be due to tem- 
porary ischemia within the field of the 
basilar artery. For this syndrome the 
term “intermittent insufficiency of the 
basilar arterial system” is suggested. 
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@ If we now examine what might be the disposition of the conductors of 
sensitive impressions in the spinal cord, we find that either they might be 
scattered without any order at all, or they might have one or the other of 


these two kinds of arrangements: 


lst. They might be disposed in such a 


manner that the anterior parts of the body, the middle parts and the posterior 
parts, would each have a peculiar place in the cord. 2nd. They might be 
arranged so that each small portion of the conducting part of the cord, would 
contain conducting elements from the anterior, the middle, and the posterior 
wey of the body. Now, if we take the results of the above experiments, we 


nd that they agree with this last — 
e 


was no order in the disposition of t 


sition, and not with the others. If there 
elements conducting sensitive impres- 


sions, in the spinal cord, we should not have found changes taking place ex- 
actly in the same measure in all the parts of the body behind the section — 
i. e., in the skin, in the trunks of nerves, and in the viscera of the abdomen. 
If the anterior parts of the body had their conductors of sensitive impressions 
crowded together, as well as the posterior and middle parts also, we should 
have found that certain sections produced anaesthesia in certain parts, and 
not in others, while on the contrary we find anaesthesia, when it first appears, 
beginning everywhere at the same time, and when it increases, and also when 
it becomes complete, we find that it is so everywhere. We must, therefore, 
admit that elements representing the various parts of the body exist in the 
various portions of the spinal cord from behind forwards in the conducting 
zone of this organ. This explains clearly why so complete loss of sensibility 


is so rare in diseases of the spinal cord. 


C. E. Brown-Sequard in Lectures on the Physiology and 
Pathology of the Central Nervous System, published in 1860. 
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Pupillary Reflex Shapes 


and Topical Clinical Diagnosis 


Otto Lowenstein, M.D. 


IN CLINICAL EXAMINATIONS of the pupils, 
most neurologists and ophthalmologists 
are satisfied with the statement that both 
pupils are round, of “average” and equal 
size, and react promptly to light and 
near vision. When these characteristics 
are present the pupils are called “nor- 
mal.” Such limited examinations reveal 
only a small fraction of the cases with 
pupillary pathology, namely those in 
which the pupils are grossly deformed, 
in which the reflex movements are 
markedly sluggish, inextensive, or ab- 
sent, or in which anisocoria is visible. 
They do not make use of the sensitive 
and accurate diagnostic system which 
can be derived from the careful analysis 
of the pattern of pupillary movements. 

Analysis of reflex shapes is not new 
to the clinician. The patellar reflex, for 
example, is not described solely as to 
unilateral or bilateral increase, decrease, 
or absence. Equally important are ob- 
servations as to the shape of the reflex, 
whether the reflex is spastic or clonic, 
inhibited or exaggerated by psychologi- 
cal or other factors, and whether it is 
limited to the proper effector muscle or 
muscle groups. Such observations are 


routinely included in the findings of clin- 
ical examinations. 

Pupillary movements and reflexes, simi- 
larly, may not only be slower or less ex- 
tensive than normal. They may show an 
even greater variety of pathologic reflex 
shapes than those seen in deep reflexes. 

The iris is an ideal indicator of auto- 
nomic reflex activity. This membrane 
with its freely floating edge is unimped- 
ed by mechanical weights, and its move- 
ments, unlike those of other autonomic 
structures, can be recorded without even 
touching the body. All pupillary reac- 
tions, both of contraction and dilation, 
are typically integrated autonomic re- 
flexes. Functional or organic damage to 
the nervous centers or pathways which 
normally control the iris results in char- 
acteristic changes of the reflex pattern. 
It is the purpose of this paper to de- 
scribe the abnormalities of the reflex 
pattern most frequently encountered in 
pupillographic examinations and to show 
their significance in topical diagnosis. 


METHOD 


The pattern of a pupillary reflex de- 
pends not only on the strength and the 
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duration of the stimulus, but also on the 
equilibrium of pupilloconstrictor and pu- 
pillodilator impulses present in the iris 
at the moment of stimulation. It is 
therefore necessary to standardize the 
experimental conditions and to eliminate 
as far as possible interfering extraneous 
sensory or emotional stimuli. The ex- 
perimental conditions observed for clin- 
ical examinations of the pupillary reac- 
tion to light are summarized as follows: 

The patient, comfortably seated, with 
his head supported by a headrest and 
chinrest, fixes upon a weak red light of 
10 mm. diameter, placed at an angle of 
15° above and at a distance of 10 feet 
in front of his eyes. The illuminating 
light necessary for the recording of the 
pupillary images on infra-red-sensitive 
film, is furnished by two 6V, 2.75A tung- 
sten bulbs, equipped with condensors 
and dark red-infrared filters (Wratten 
88A ). After six minutes of adaptation to 
darkness, the right, left, or both eyes are 
exposed to series of light stimuli of av- 
erage (15 foot-candle) or of low inten- 
sity (usually about 0.2 foot-candles, oc- 
casionally up to 4 foot-candles ). The du- 
ration of these light stimuli is one sec- 
ond, the dark interval between stimuli- 
is three seconds. The details of pupillo- 
graphic procedure have been described 
previously." 

Our clinical material concerned with 
pupillary pathology includes approxi- 
mately 2,500 cases. Normal human val- 
ues were derived from about 300 sub- 
jects. Most of them were examined re- 
peatedly under various conditions. In 
addition, 129 cats and 40 monkeys were 
used. They were examined many times, 
both before and after experimental le- 
sions were placed at specific sites within 
the centers and pathways of pupillary 
control. From this material, eight clin- 
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ical cases have been selected. They are 
representative of the syndromes most 
frequently encountered in clinical pupil- 
lographic work. Our general statements, 
however, are based on the entire ma- 
terial at our disposal. 


RESULTS 


I. The shape of the normal 
reflex to light. 

Many factors influence the shape of 
the light reflex. Anatomically speaking, 
many neurons, afferent, central, and ef- 
ferent, are involved. 

The reflex arc proper. 

1. Retinal impulses run through the 
optic nerve, optic chiasm, and optic 
tracts to reach the pretectal area on each 
side via the brachia of the superior col- 
liculi (figure 1.-1). 

2. From the pretectal area on each 
side, half of the impulses course around 
the sylvian aqueduct to reach the West- 
phal-Edinger nucleus on the same side, 
while the other half cross in the posterior 
commissure to reach the Westphal-Edin- 
ger nucleus on the opposite side (figure 
1.-2). 

3. Efferent fibers from the Westphal- 
Edinger nucleus run with the third cra- 
nial nerve to the ciliary ganglion (fig- 
ure 1.-3). 

4. The short ciliary nerves, arising 
from the ciliary ganglion, innervate the 
iris sphincter. 

Inhibitory factors. 

Inhibition of the third nerve nucleus 
is mediated by at least three paths: 

1. Over direct pathways from the cor- 
tex (probably area 8) to the third nerve 
nucleus (figure 1.-5 and 12). 

2. From the cortex via the thalamus 
and hypothalamus to the third nerve 
nucleus (figure 1.-5, 6, 7, 12). 

3. From every sensory nerve, with the 
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Fic. 1. Scheme of nervous centers and pathways taking part in shaping the pupillary reflex to light. 
1: First afferent neuron of pupillary —_ reflex arc, from retina — optic nerve > optic tracts > 


tal 


brachia conjunctiva of superior 


pupillary light reflex arc, from pretectal area of each side to al and 


area on each side. 2: Second afferent neuron of 


h lat: lat, 


1 third nerve 


nucleus. 3: First efferent neuron of the pupillary light reflex are (third herve). 4: Short ciliary fibers 
Thal 


to iris sphincter. 5: Cortex (probably area 8). 6: 


7: Hy 8: Budge’s center in 


lower cervical and upper thoracic cord. 9: Inferior cervical ganglion. 10: Middle cervical ganglion. 
ll: Superior cervical ganglion. 12: ep = nerve nucleus. 13: Ciliary ganglion. 14: Pretectal area. 


15: Afferent inhibitory fibers ticul 


exception of the optic nerve, over a dif- 
fuse afferent system in the reticular for- 
mation to the third nerve nucleus (fig- 
ure 1,-15). 
Antagonistic factors. 

The iris dilator muscle acts as an an- 


formation to third nerve nucleus. 16: Lateral genicu- 
late ganglion. 17: Optic radiation. is: Visual cortex. 


tagonist to the pupillary sphincter. It is 
innervated by impulses traveling from 
the cortex via the thalamus to the sym- 
pathetic center of Karplus and Kreidl in 
the posterior hypothalamus, and from 
there over the cervical cord and periph- 
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eral cervical chain to the eye (figure 
1.-5, 6, 7, 8, 9, 10, and 11). 

When all of these factors function nor- 
mally, the pupillogram of the normal re- 
action to light shows the shape seen in 
figure 2.-A. The dark-adapted eye is ex- 
posed to a light stimulus of 15 foot- 
candle intensity and one second dura- 
tion. After a latency period of about 
0.2 second, the pupil contracts and re- 
dilates some time after the light stim- 
ulus has ended. The redilation occurs 
in two phases, a first (faster) and sec- 
ond (slower) one. 

The contraction movement, as well as 
the two redilation phases, are not per- 
formed at an even rate, but occur in 
waves of smoothly increasing and de- 
creasing speed. The normal acceleration 
and deceleration are particularly well 
demonstrated when the differential curve 
is drawn. It is derived from the original 
pupillogram by plotting against time 
(0.1 second) the extent of contraction 
or dilation that occurs within each suc- 
cessive 1/10 second. This shows three 
waves of increasing and decreasing speed 
of motion (figure 2.-Al). The C-wave 
represents the phase of increasing and 
decreasing contraction speed, the D- 
and E-waves the first and second phases 
of increasing and decreasing redilation 


speed. 


II. Pathologic changes in the 
pupillary reflex pattern. 

When an experimental or clinical le- 
sion injures one of the pupillary cen- 
ters or pathways, the normal reflex pat- 
tern is modified in a manner character- 
istic of the site of the lesion. 


Lesions of the peripheral 
sympathetic system. 

If the cervical sympathetic path is 
damaged, either pre- or postganglioni- 


cally, part of the system which normally 
antagonizes the contraction to light is 
eliminated. After adaptation to darkness, 
the sympathectomized pupil is smaller 
than the normal one. It contracts some- 
what faster to light, and the second re- 
dilation wave (E-wave) is absent (fig- 
ure 2.-B and Bl). Psychosensory dila- 
tion is greatly reduced in extent and 
speed. 

Lesions in the diencephalon or its 
connections to the midbrain, 

close to the midline. 

If a lesion is located fairly close to 
the midline in the diencephalon or its 
connections to the midbrain, the third 
nerve nucleus may be released from the 
inhibitory impulses from the cortex, thal- 
amus, and hypothalamus. This has a pro- 
found effect on the shape of the pupil- 
lary reflex to light. After adaptation 
to darkness the pupil is seen to be even 
smaller than in cases of peripheral sym- 
pathectomy. The reflex to light adopts 
a square wave shape and is less exten- 
sive than normal. The small extent of 
the contraction to light is due to the 
small initial size of the pupil and not 
to a lack of parasympathetic strength. 
This is demonstrated in the differential 
curve, where the speed of contraction 
is seen to be greater than normal. The 
maximal constriction is reached almost 
immediately. The pupil remains fully 
contracted until some time after the 
light stimulus has ended. This square- 
wave reflex shape, which is characteris- 
tic of diencephalic conditions, has been 
named “tonohaptic” reflex shape? (figure 
2.-C and Cl). 

Psychosensory dilation is generally not 
disturbed in cases with tonohaptic light 
reflexes, because the inhibition pathways 
to the third nerve nucleus lie closer to 
the midline than the more lateral pupil- 
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Fic. 2. Dynamic structure of normal and pathologic pupillary light reflexes. In the original pupillograms 
(first line, A-K), pupillary diameter is plotted (in mm.) against time (in 0.1 second). The dash-dot line 
represents the diameter of the normal dark-adapted pupil. a: darkness; during the time outlined by the 
areas b, the patient’s eyes were exposed to light stimuli of 15 foot-candle intensity and one second dura- 
tion. The differential curves (second line, Al-K1) show the speed (in mm./second) at which pupillary 
contraction and dilation occur within each reflex. They are derived from the original pupillograms by 
plotting against time (in 0.1 second) the extent of motion that occurs within each successive 1/10 second. 
A: The normal light reflex. After latency period of about 0.2 second, the pupil tracts, then redilat 
after the light stimulus has come to an end. The differential curve (Al) shows three waves of increasing 
and decreasing speed of motion. The C-wave corresponds to the contraction, the D- and E-waves to the 
first (faster) and second (slower) phases of redilation (cf. text). B-K: Pathologic reflex shapes, and 
their respective differential curves B1-K1 (for details, cf. text). The conditions shown are B: damage to 
the peripheral sympathetic chain; C: diencephalic lesions; D: nonirritative nuclear or postnuclear third 
nerve lesions; E: irritative nuclear or prenuclear third nerve conditions; F, G, and H: central sympathetic 
irritation; I and K: generalized degenerative conditions involving both interbrain and midbrain. In these 
pathologic conditions, the changes in reflex pattern are permanent and irreversible. The reflex shapes shown 
in B, C, I, K, and E can also be found in normal subjects, transitorily and reversibly, as stages of physio- 
: logic fatigue, the shapes F, G, and H as a result of strong emotional stimuli. 
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lary dilation pathways (figure 1). 
Nonirritative partial lesion of the 
third nerve nucleus. 

In cases with nonirritative partial le- 
sions in the third nerve nucleus or pe- 
ripheral to it, after adaptation to dark- 
ness the pupil of the injured side is 
normal in size or very slightly enlarged. 
When the pupils are examined in diffuse 
room illumination, the pupil on the side 
of the lesion may be much larger than 
the normal pupil. The reflex to light is 
sluggish, inextensive, and preceded by 
a prolonged latency period (figure 2.-D 
and D1). Psychosensory dilation is un- 
disturbed and as extensive as that of the 
normal dark-adapted pupil. 


Nuclear or prenuclear irritative 
lesions of the third nerve. 

In cases with an irritative nuclear or 
prenuclear third nerve lesion, the dark- 
adapted pupil is smaller than normal 
and reacts sluggishly and inextensively 
to light (figure 2.-E and El). Dilation 
in response to psychosensory stimuli may 
be normal in cases in which the reaction 
to light is absent. When the pupil is 
small and the light reflex is highly re- 
duced or absent while the reaction to 
near vision is preserved, it is called Ar- 
gyll Robertson pupil (reflex pupillary 
immobility ). 

Central sympathetic irritation. 
In cases of central sympathetic irrita- 
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tion, the pupils are larger than normal, 
both in light and in darkness. When 
sympathetic irritation increases, the size 
of the pupil increases and the light re- 
flex assumes a W-shape or V-shape. In 
pronounced irritation, the contraction to 
light may be absent due to complete 
inhibition. W- and V-shapes of the light 
reflex in large pupils are not due to para- 
sympathetic weakness; the contraction 
starts with a normal latency period and 
normal speed, but the powerful sympa- 
thetic antagonist overcomes the contrac- 
tion impulses and forces the pupil to 
redilate prematurely after the main con- 
traction force is expended (figure 2.-F 
and Fl, G and G1). Psychosensory di- 
lation is normal or exaggerated in cases 
with central sympathetic hyperirritabil- 
ity. 

Parasympathetic and sympathetic 
weakness. 

W- and V- reflex shapes may also be 
seen in small pupils, when both the 
sympathetic and parasympathetic are 
weakened. In the case of large pupils, 
there is an unstable equilibrium of two 
strong antagonists; in the case of small 
pupils, there is a similar equilibrium of 
two weak antagonists. The shape of the 
reflexes is identical, but the extent and 
speed of motion as well as the pupillary 
diameters are different in the two con- 
ditions (compare figure 2.-F, Fl and G, 
G1 with I, I] and K, K1). Psychosensory 
dilation is usually normal in cases of 
sympathetic and parasympathetic weak- 
ness. 

III. Functional changes in the 
pupillary reflex pattern. 

It is of general physiologic interest 
and of clinical importance that all reflex 
shapes, described above as resulting 
from pathologic conditions at specific 
sites in the nervous system, may appear 
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as transitory and reversible phenomena 
as a result of physiologic fatigue or ex- 
citement. 

Autonomic reflex activities, such as 
the pupillary reflex to light, may be fa- 
tigued or under certain conditions even 
exhausted.* A number of stages can be 
recognized in the process of fatigue. In 
the earliest stage of fatigue the reflex 
pattern is the same as the one found in 
cases of peripheral sympathetic impair- 
ment. This is an expression of the elim- 
ination of sympathetic cortical centers 
which normally send impulses to the 
antagonistic pupillary dilator muscle via 
the thalamus, hypothalamus, cervical 
cord, and sympathetic chain. In the next 
stage of fatigue, tonohaptic reactions 
occur; this is due to elimination of di- 
encephalic centers which normally in- 
hibit the third nerve nucleus. When fa- 
tigue advances further, parasympathetic 
weakness is added to the sympathetic 
weakness. The pupil becomes smaller, 
the light reflexes inextensive, showing 
small w- and v-shapes. In the next stage, 
the miotic pupil reacts inextensively and 
sluggishly, and finally, in cases of com- 
plete exhaustion, it may fail to react 
at all. 

Fatigue, therefore, is an ordered se- 
quence of events, whereby the functions 
of specific nervous centers are dimin- 
ished and finally extinguished in a given 
order. From pupillary studies, a gen- 
eral law of autonomic nervous fatigue 
was formulated: All fatigue is predomi- 
nantly central in origin. Cortical centers 
fatigue sooner than subcortical centers, 
the sympathetic earlier than the para- 
sympathetic.* 

In contrast to pathologic reflex pat- 
terns which are permanent and irrevers- 
ible, physiologic fatigue can readily be 
reversed by rest. In addition, complete 
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| Fic. 3. Case 1. Injury to right peripheral (post; lionic) thetic fibers. 
First line, A: In the original pupillogram, the pupillary diameters (in mm. ) are plotted against 


time (in 0.1 second); the solid line represents the right, the broken line the left pupil. The first, 
; fourth, and fifth of a continuous series of light reflexes are shown. In darkness (a), the right pupil 
is smaller than the left one. During the contractions to light, (b), this anisocoria is diminished 
and finally disappears altogether (fifth reaction). It reappears during the second phase of redila- 
tion. The response to the sound stimulus is normal on the left but absent on the right side. 

First line, B: In the differential curve, the speed of contraction and redilation is plotted (in 
mm./second, small numbers) against time (in 0.1 second). The contraction s shows an earlier 
and higher peak, and the second redilation wave (E-wave) is almost absent on the right (injured) side. 

Second line: The pupillary diameters are plotted (in mm.) against time (in minutes). At 
each of the arrows c, one drop of cocaine hydrochloride (2%) is instilled into each of the con- 
: junctival sacs. 15 minutes later, the left pupil begins to dilate, while the right pupil remains un- 
affected. At each of the arrows a, one drop of adrenaline hydrochloride 1:1000 is added to each 


eye. About 15 minutes later, the right pupil begins to dilate. 


reintegration of the normally fatigued or 
exhausted function can also be induced 
at any stage by sympathetic stimulation, 
provoked by sensory stimuli, emotional 
excitement, or even spontaneous think- 
ing. This phenomenon has been termed 
the “psychosensory restitution phenom- 
enon.”"* It is not limited to pupillary 
reflexes, but is a general principle of 
reintegration of fatigued or exhausted 
nervous centers. The absence or diminu- 
tion of the psychosensory restitution 
phenomenon is generally associated with 
tonohaptic reflex shapes and, as these, 
another sign of diencephalic lesion. 


CLINICAL APPLICATION 


Out of the extensive clinical material 
studied, eight cases will be described. 
They are representative of the clinical 


lesions more frequently encountered. 

Case 1.—Pain in the distribution of the first 
and second trigeminal branches, with impair- 
ment of the sympathetic (postganglionic) fibers 
on the same side. 

The patient, a 54 year old man, had a 20 
year history of paroxysmal pain. The pain 
started at the supraorbital foramen and mani- 
fested itself first in short lightning flashes of 
pain. The paroxysms gradually increased in se- 
verity and extent. They had commenced in 
the first division, gradually extended into the 
second. Light touches of the hypersensitive 
skin frequently caused the immediate occur- 
rence of an attack. It was reported that during 
attacks of headache, his right forehead showed 
beads of sweat, the right eye teared excessively, 
and the hypersensitivity to touch extended to 
his right scalp. Anisocoria was noted with the 
right pupil smaller than the left, but ocular 
movements and pupillary reflexes were reported 
to be normal. The spinal fluid was normal. 

Neurologic examination showed that both 


j 
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supra- and infraorbital points of the fifth nerve 
were hypersensitive to pressure on the right, 
but not on the left side. The corneal reflex was 
slightly more pronounced on the right than on 
the left side; the right half of the face in the 
area of the first and second trigeminal branches 
was more sensitive to touch and pain than the 
left. 

Pupillographic studies: The left pupil was 
normal. The right pupil showed all the features 
of damage to the peripheral postganglionic 
sympathetic path (figure 3): 

1. In darkness, it remained smaller than the 
left pupil. 

2. This anisocoria disappeared during con- 
traction to light and reappeared in the second 
phase of redilation (E-wave of differential 
curve). The contraction to light was more rapid 
than normal; the differential curve showed a 
slightly early peak of speed which was higher 
than normal. 

3. The right pupil failed to dilate in re- 
sponse to psychosensory stimuli, so that the 
anisocoria became enhanced after a sound 
stimulus. 

4. Cocaine failed to dilate the right pupil, 
which did dilate when 2 drops of adrenaline 
hydrochloride 1:1000 were added to each eye. 

Case 2.—Unilateral lesion of the third cranial 
nerve in a case of multiple sclerosis. 

The patient was a 32 year old woman with 
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multiple sclerosis who three days before exam- 
ination began to have blurred vision on the left 
side. Neurologic examination showed absent 
abdominal reflexes and increased deep reflexes 
on the left side, while the deep reflexes on the 
right side were normal. 

Pupillographic examination showed the typ- 
ical picture on an incomplete lesion of the ef- 
ferent third nerve (figure 4): 

1. In darkness, the pupils were almost equal. 

2. Dilation in response to psychosensory 
stimuli was unimpaired on both sides. 

3. When the right eye or the left eye was 
stimulated by light, the right pupil reacted nor- 
mally, while the contractions of the left pupil 
were inextensive, sluggish, and preceded by a 
prolonged latency period. Since the left pupil 
always showed the pathologic response, regard- 
less of which eye was stimulated, we were 
dealing with an efferent lesion. Since fatigue 
oi the remnant reflex of the left pupil was not 
greater than in the normal pupil, the lesion 
had to be considered postnuclear.3 

Case 3.—Pupillary syndrome of bilateral al- 
ternating contraction anisocoria in a case of en- 
cephalitis in early childhood. 

The patient was a 10 year old boy who at 
the age of four had suffered from an acute 
febrile illness accompanied by somnolence. Two 
years later he developed a twitch of his eyes 
and became increasingly nervous. He became 


Fic. 4. Case 2. Damage to the right efferent 


third nerve in a case of multiple sclerosis. 


The pupillary diameters are plotted (in mm.) 


against itme (in 0.1 second), the solid line repre- 
senting the right, the broken line the left pupil. 


In the differential curve (D), contraction-resp. 


dilation-speed is plotted (in mm./sec.) against 
time (in 0.1 second). 


A: In complete darkness, the pupils are equal 


at 8.1 mm.; the dark red-infrared light causes 
both pupils to contract slightly, the left more than 


the right. When the right (E), the left (F), or 
both (B) eyes are exposed to 15 foot-candle light 


stimuli, the left pupil reacts normally, but the 


right pupil’s contractions are inextensive, slug- 
gish, and preceded by a prolonged latency period. 


These characteristics can be seen most clearly in 


the differential curve (D), which shows the low 
and delayed peaks of all parts of the reflex. The 


to psy y stimuli are unimpaired 


on the two sides. 
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ia in a case of enc in early childhood. 


ternating ‘ephalitis 
Pupillary diameter is plotted (in mm.) "inst time (in 0.1 second), the solid line represent- 


ing the right, the broken line the left pupil. 


The first, second, and third light reflexes of two series are shown. In one series o line) the 


right eye is exposed to the stimulating light, while the left eye remains in 
series (second line) the left eye is stimulated, the right pupil ti lly. 


n the second 
4 each case, 


the two pupils do not respond equally; the direct reaction of the stimulated eye is C— but the 
ct Cc 


consensual reaction of the opposite pupil is slightly slower and less 
phase. 


pupils become unequal during the contraction 


aggressive toward other children, extremely dis- 
obedient, and could not fall asleep in the eve- 
ning though he slept for hours during the day. 
He had spells of hyperventilation which some- 
times lasted throughout the night ».d were 
accompanied by profuse sweating. 

Neurologic examination: The patient was 
very obese. He showed muscle twitching in 
both arms and neck and muscle rigidity with 
incapability of relaxing the upper and lower 
extremities. Otherwise the reflexes, motor, and 
sensory functions were unimpaired. 

Pupillographic studies: When the eyes were 
adapted to darkness, the pupils were equal at 
8 mm. Extent and shape of the direct light 
reflexes were within normal limits. However, 
the two pupils did not respond equally. The 
consensual response of either pupil was less 
extensive and slower than the direct response 
of the opposite pupil, regardless of which eye 
was stimulated (figure 5). This syndrome of 
“alternating contraction anisocoria” was shown 
to be localized in the anterior midbrain.4 The 
lesion involves both brachia of the superior 
colliculi and the posterior commissure, but not 
the third nerve nucleus or the efferent third 
nerve fibers. 

Case 4.—Bilateral incomplete Argyll Robert- 
son syndrome in a case of syphilis of the cen- 
tral nervous system. 


tly, the 


The patient, a 65 year old man, had a long 
history of syphilis with extensive antiluetic 
treatment. Twenty-five days before examina- 
tion he had a fainting spell, followed by dizzi- 
ness of three days’ duration. He gradually re- 
covered his strength, but still suffered from 
diplopia, blurred vision, and increasing deaf- 
ness of the right ear. 

Physical examination showed a blood pres- 
sure of 180/50, a precordial systolic murmur, 
and a soft diastolic murmur over the aortic 
area. X-ray examination of the chest showed 
advanced aortitis, probably syphilitic in origin, 
and advanced general arteriosclerosis. Cerebro- 
spinal fluid tests and blood tests were negative, 
but it was reported that blood tests had been 
positive in the past. 

Neurologic examination: The deep reflexes 
were hyperactive, the gait ataxic; there was a 
positive organic Romberg phenomenon with 
swaying to the right side. 

Pupillographic studies confirmed the clinical 
diagnosis of incomplete Argyll Robertson syn- 
drome (figure 6). Both pupils remained small 
in darkness, the right measuring 4.15 mm., the 
left 3.75 mm. The reactions to light were in- 
extensive and very sluggish, never exceeding 
1 mm. They had the shape of spastic reflex 
paralysis, with a prolonged latency period, and 
low, delayed peaks of contraction speed, as 
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Fic. 6. Case 4. Incomplete Argyll-Robertson Syndrome. 
Pupillary diameter is plotted (in mm.) against time (in 0.1 second), the solid line represent- 


ing the right, the broken line the left pupil. 


A and B: The dash-dot line represents the normal, dark-adapted pupillary diameter, showing 
that the pupils in this case are far smaller than normal. When the right (A) or the left (B) eye 
is exposed to a strong light stimulus, the reflexes are extremely shallow and inextensive. The dif- 
ferential curves A’ and B’ show the low and delayed peaks of speed of all parts of the reactions. 

C: During the reaction to near vision both pupils contract to the limits of mechanical possi- 
bility, becoming far smaller than they did during the most extensive contraction to light. 


seen in the differential curves (figure 6.-Al and 
B1). During the reaction to near vision, both 
pupils contracted almost to the limits of me- 
chanical possibility, the right pupil contracting 
to 1.8 mm., the left to 1.5 mm. In contrast to 
this, the strongest light stimuli failed to con- 
tract the pupils to a smaller diameter than 2.75 
mm. for the left and 3.1 mm. for the right 
pupil. 

Case 5.—Probable postencephalitic parkinson- 
ism with pupillary reactions of tonohaptic 
shape. 

The patient, a 52 year old woman, had never 
been seriously ill, but between the ages of 20 
and 30 she had suffered from frequent infec- 
tions, with sore throat, headaches, and elevated 
temperatures. Eighteen years before examina- 


tion she first noticed a slight tremor of the 
head, which became more pronounced under 
emotional stress. The tremor gradually in- 
creased and both upper extremities became in- 
volved. 

The neurologic examination showed a con- 
stant rotating tremor of the head and a fine 
tremor of the outstretched fingers. The deep 
reflexes were active, the abdominal reflexes 
present. There were no pyramidal signs. Her 
speech was slow but without articulatory dis- 
turbances. She showed increased sweating all 
over the body, a shiny face, and protruding 
eyes. She was sleepy during the day, but 
sleepless and restless during the night. 

Pupillographic studies: The dark-adapted pu- 
pils were equal and small. The reactions to light 
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Fic. 7. Case 5. Tonohaptic pupillary reactions in a case of postencephalitic parkinsonism. 
Pupillary diameter is plotted (in mm.) against time (in 0.1 second), the solid line represent- 


ing the right, the broken line the left pupil. 


The first, fourth, and fifth reactions of a continuous 


series are shown. The dash-dot line represents the diameter of the normal dark-adapted pupil. 


The pupils are equal. 


As in case 4, they are far smaller than normal, the reactions less ex- 


tensive than normal; but unlike the reactions of case 4, contraction occurs at fast speed, and the 


latency period is slightly shorter than normal. The entire contraction 


is 

within 0.3 second, the pupils then remaining at full contraction until some time after the light 
stimulus has come to an end. A sound stimulus, interposed between the fourth and fifth light stim- 
uli, causes normal psychosensory dilation but fails to restore the normal shape of the following reflex. 


were inextensive but rapid. Tonohaptic light 
reflexes confirmed the presence of a lesion in 
the diencephalon. The normal pupillary dila- 
tion in response to psychosensory stimuli indi- 
cated that the sympathetic centers in the ven- 
tral lateral hypothalamus and the efferent sym- 
pathetic system through the cervical cord and 
peripheral sympathetic chain were not involved 
(figure 7). 

Case 6.—Central sympathetic irritation with 
inhibited light reactions of mydriatic pupils. 

The patient, a 21 year old college student, 
had been a child prodigy, too advanced for his 
age. He had always been hypersensitive, went 
through numerous periods of reactive depres- 
sion, and had difficulties with his classmates 
and teachers. At the age of 18 he started to 
suffer from insomnia. He read throughout the 
night and worked without interruption through- 
out the day. His excitability increased, with 
sweating all over the body, increased heart 
rate up to 150, and frequent profuse diarrhea 
of long duration. 

The neurologic examination showed increased 
deep tendon reflexes but no other symptoms. 

Pupillographic records: (figure 8.-A and Al). 
The pupils were equal and large. The reactions 
to light showed all the signs of sympathetic 
hyperexcitability: they were inextensive and 
had W- or V-shape throughout. Psychosensory 
stimulation further exaggerated these charac- 
teristics. Although the mydriatic pupils showed 


a diminished extent of the contraction to light, 
the parasympathetic reflex arc was unimpaired. 
This was demonstrated in the differential curves 
where the light reflexes showed normal peaks 
of contraction speed. These peaks gradually in- 
creased upon repeated light stimulation, as the 
hyperirritative sympathetic fatigued earlier than 
the parasympathetic which then could overcome 
the pathologically increased sympathetic tonus. 
W-shaped light reflexes, when due to either low 
intensity light stimulation or to advanced fa- 
tigue, show low peaks of contraction speed 
which decline even further upon repeated stim- 
ulation (compare figures 8.-B and 9). 

Case 7.—Heredodegenerative condition in- 
volving the diencephalon and mesencephalon, 
with permanent pupillary fatigue reflex shapes. 

The patient, a 43 year old man, came from 
a nervous family. His father suffered from 
chronic mental depression. His mother was 
nervous, with a “violent temper.” The patient 
had always had good muscle strength but had 
felt weak and tired for as long as he could 
remember. He went through high school and 
college with great difficulty because he could 
not concentrate, fell asleep at 8 o'clock in the 
evening, and after 12 to 14 hours of deep 
sleep awoke “dead tired.” If he went back 
to sleep, he felt even worse upon awakening 
later. About 12 years prior to examination, he 
went through a three month period during 
which he was “in a daze,” without feeling men- 
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Fic. 8. A: Case 6. Chronic central sympathetic irritation. B: Case 7. Chronic central nervous fatigue. 
Pupillary diameter is plotted (in mm.) against time (in 0.1 second), the right pupil being 
represented by the solid line, the left pupil by the broken line. The first, second, and third re- 


actions of each series are shown. 


In case 6 (A), the pupils are larger; in case 7 (B), they are smaller than normal (note the 
dash-dot line, representing normal dark-adapted pupillary diameter). In both cases, the reflexes 


have V- or W-shape. 


In case 6 (A), the parasympathetic reflex arc is unimpaired, as shown by the normal latency 
period and normal peak of contraction speed. As soon as the peak of contraction force has been 
passed, the powerful sympathetic antagonist interrupts the contraction movement and forces the 
pupils to redilate prematurely. It can be seen that the peak of contraction speed (A’ ) increases 


from reaction to reaction, as the abnormal sympathetic tonus is dep d by 


thetic stimulation. 


P parasympa- 


In case 7 (B), a similar equilibrium between sympathetic and parasympathetic impulses 


causes similar reflex shapes, but in this case, both factors are weak 


. The latency period for con- 


traction is slightly increased, the peak speed of contraction is lower than normal, and declines from 


reaction to reaction (B’). 


tally depressed. His blood pressure had always 
been low, but the systolic blood pressure was 
never found to be below 100 mm. Hg. 

The neurologic examination was completely 
negative. Electrocardiogram, electroencephalo- 
gram, spinal fluid, blood sedimentation rate, 
blood serology, and temperature were normal. 
The blood pressure was 120/80. The basal 
metabolism, taken at various times, was normal. 
Excessive sweating was observed all over the 


body. 


The pupillographic records (figure 8.-B) re- 
vealed pupils of smaller than normal size which 
responded to light stimuli with inextensive W- 
and V-shapes. Such pupillary light reflexes are 
found in normal subjects with advanced fa- 
tigue; but in contrast to normal subjects, psy- 
chosensory stimuli failed to restore the normal 
pupillary reflex shape, that is, the psychosen- 
sory restitution phenomenon was absent. Such 
permanent and irreversible fatigue patterns are 
indicative of an organic disorder of the central 
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Fic. 9. Case 8. Unilateral lesion of the optic 
nerve in a case of retrobulbar neuritis. 


Pupillary diameter is plotted (in mm.) against 


time Min 0.1 second), the solid line representing 
the right, the broken line the left pupil. A and A’: 


Pupillary reactions of a normal subject (for com- 


parison). In A, the right eye is exposed to a 
light stimulus of 15 foot-candle intensity. In A’, 
the same eye is stimulated by a weak (1.5 foot- 


candle) light. This stimulus elicits an inextensive, 


W-shaped The tracti speed is 


slower, the latency period longer than in A. B 
and B’: Pupillogram of case 8. In B, the right 


eye, and in B’ the left eye is exposed to the same 


15 foot-candle light stimulus, the other eye re- 
maining in darkness. When the right eye is stim- 


pupillary diameter in mm— 


ulated, both pupils react normally, but when the 
left eye is stimulated, a low intensity reflex is 
produced. Note the ab of ia 
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A: Normal case, B: Left retrobulbar neuritis 


nervous system involving diencephalic and mid- 
brain structures. In this case, the condition was 
probably heredodegenerative in nature. 

Case 8.—Pupillary reactions to light of “low 
intensity” shape in a case of multiple sclerosis 
with seemingly cured retrobulbar neuritis. 

The patient, a 39 year old man, developed 
diplopia and blurred vision in the left eve 
in January 1954. He recovered within a day 
cr two without having seen a physician. In 
July 1954 the symptoms recurred. 

Upon examination vision in the left eye was 
reduced to counting fingers at one foot. Papil- 
ledema existed in the left eye. The general neu- 
rologic examination showed diminished abdom- 
inal reflexes on the left side, but no other signs. 

A few days later his vision had returned to 
20/20, and the diplopia had disappeared. A 
diagnosis of multiple sclerosis was made. 

When the patient was seen in October 1954, 
he complained of general nervousness, insom- 
nia, and increased excitability. The neurologic 
examination showed increased deep reflexes but 
no other signs of involvement of the central 
nervous system. Abdominal and cremasteric re- 
flexes were normal on both sides. The fundi 
of both eyes and vision were normal. 

Pupillographic studies (figure 9): The pu- 
pils were equal both in light and in darkness. 
When the right eye was stimulated by light of 
15 foot-candle intensity, the pupils reacted nor- 
mally, But when the left eye was stimulated 
by the same intensity light, the reaction of both 
pupils was inextensive and showed W- or V- 


shapes. The contraction speed was slower than 
normal, the latency period slightly prolonged. 
This type of reaction resulted from stimulation 
of the normal right eye only when low inten- 
sity light (1.5 foot-candle) was used. 

V- or W-reflex shapes appear in response to 
low intensity light stimuli, because the para- 
sympathetic stimulation is weak, while the sym- 
pathetic antagonist is normal and therefore rela- 
tively strong. The low intensity reflex shape 
elicited from the left eye indicated the con- 
tinued presence of a lesion in the afferent path 
of the light reflex arc, anterior to the optic 
chiasm. It should be noted that, contrary to 
widely held opinion, uncomplicated lesions of 
the afferent light reflex path anterior to the pre- 
tectal area, do not result in anisocoria.5 


CONCLUSIONS 


Pupillary disturbances as found in dis- 
eases of the central nervous system lead 
to a large variety of deviations from the 
normal reflex pattern. These alnormali- 
ties, when graphically recorded, show 
a great variety of reflex shapes which 
escape observation by the unaided eye 
but are distinctly characteristic in pu- 
pillographic records. Each indicates 
damage at a specific site within the cen- 
ters and pathways of pupillary control. 
Therein lies their value for topical diag- 
nosis. 
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@ The fact that the loss of sensibility seems to be absolutely complete, after 
a longitudinal section of the whole length of the lumbar enlargement of the 
spinal cord seems to show that all the conductors of sensitive impressions 
which reach the cord, coming from the posterior limbs, make their decussation 
in this enlargement. But if we admit that the decussation is complete, how 
do we explain that there is an appearance of sensibility, and sometimes a 
well-marked degree of it, in a limb on the opposite side to that of a section 
of a lateral half of the spinal cord? In the first place, I must say that very 
often when we try to divide transversely such a part of the cord, being afraid 
of cutting too much, we leave undivided a part of the gray matter and of the 
anterior column, so that the persistence of sensibility in the opposite side of 
the body is very natural, and not in opposition to our views. Very likely this 
is what has occurred in many of the experiments of Mr. Chauveau, who says 
that sensibility always persists in such a limb. If there is no notable diminu- 
tion of sensibility set ano after an attempt to divide the lateral half of the 
cord, it is certain that the operation is not complete, and that a part has 
escaped division. It is wonderful how small is the quantity of gray matter, 
which, being left undivided, may transmit sensitive impressions! 


C. E. Brown-Sequard in Lectures on the Physiology and 
Pathology of the Central Nervous System, published in 1860. 


Vomiting: Neural Mechanisms and 
Control by Chlorpromazine 


William Amols, M.D. and H. Houston Merritt, M.D. 


VoMITING, LIKE PAIN, is a frequently en- 
countered symptom of disease, distress- 
ing to the patient and challenging to the 
physician. Yet, unlike pain, the pharma- 
ceutical armamentarium available to 
cope with it has, until recently, been 
sparse and inadequate. The advent of 
chlorpromazine (10-(5-dimethylamino- 
propyl )-2-chlorphenothiazine hydro- 
chloride) raises the hope of providing to 
the practitioner a drug of known phar- 
macologic activity which will be as spe- 
cific for the control of vomiting as mor- 
phine has been for pain. 

Despite the frequency of vomiting as 
a symptom, little attention has been 
given to the mechanisms involved ex- 
cept in the specialized journals of phys- 
iology and pharmacology. It is the pur- 
pose of this paper to describe current 
concepts of the vomiting act, to review 
the physiologic background of these con- 
cepts, to present the clinical evidence 
of the antiemetic properties of chlorpro- 
mazine, and to review the experimental 
data in regard to the method of action 
of this drug. 


Vomiting is a complex coordinated de- 
fense mechanism which is principally a 
function of the respiratory and not the 
gastrointestinal system. It is the means 
by which the contents of the stomach 
and upper intestinal tract are forcibly 
emptied through the mouth, but in which 
both these structures seem to play a pas- 
sive role. Indeed, vomiting has been 
experimentally induced in animals not 
only after total gut denervation, but 
after abdominal evisceration as well. 
One of the earliest and most graphic 
descriptions of the minor role of the 
stomach and intestine in vomiting is 
that of Cannon.? He observed the move- 
ments of the cat’s stomach following a 
bismuth meal and the administration of 
apomorphine. The stomach was de- 
scribed as a flaccid bag sharply demar- 
cated at its lower end by a ring of con- 
striction and completely without tone at 
its upper end. The stomach contents 
were then forcibly ejected through the 
open cardia into the esophagus by the 
strong compression exerted by sharp 
contractions of the diaphragm and ab- 
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dominal muscles. The esophagus re- 
mained relaxed, the glottis closed, the 
larynx and hyoid bone drawn forward, 
the soft palate elevated, and normal 
respirations were inhibited. 

In addition to these coordinated mus- 
cular phenomena, certain other concomi- 
tants of the vomiting act have long been 
recognized. These include salivation, 
forced inspiration, vasomotor changes, 
characteristic postures, and psychic phe- 
nomena. The complexity with which 
each component is coordinated with the 
others led Giannuzzi,* as early as 1865, 
to postulate a center for vomiting within 
the nervous system. The first attempt at 
localizing such a center was that of 
Thumas* in 1891. He found that vomit- 
ing could be induced in dogs by the 
application of apomorphine to the cau- 
dal end of the floor of the fourth ven- 
tricle, and that this response to apomor- 
phine could be abolished by ablating 
this area. He concluded that the vom- 
iting center resided in the medulla ob- 
longata in a midline area 2 mm. wide 
and 5 mm. long which extended through 
the obex (figure 1). 
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In 1923 Hatcher and Weiss® repeated 
Thumas’ work but found that, although 
ablation of the area described rendered 
the animal unresponsive to apomorphine, 
vomiting could still be induced by the 
oral administration of mercuric chloride. 
By producing lesions in the ala cinerea 
bilaterally (figure 2), they were able to 
abolish vomiting to both apomorphine 
and mercuric chloride. They considered 
that their lesions had destroyed the true 
vomiting center and that Thumas had 
inadvertently damaged the adjacent ala 
cinerea when making his midline lesion. 
Their conclusions were based on acute 
experiments in animals. In 1930 Kop- 
panyi,® using animals with chronic le- 
sions in the ala cinerea, found that al- 
though their sensitivity to parenteral 
apomorphine was greatly reduced, they 
still vomited readily to orally adminis- 
tered irritant emetics. While he attrib- 
uted this selective response to incom- 
plete destruction of the vomiting center, 
the earlier conclusion of Hatcher and 
Weiss that the location of this center 
resided in the ala cinerea became less 


valid. 


Fic. 1. Ablation of midline structures at 
level of obex, rendering dog refractory 
to topical apomorphine (Thumas, 1891). 
Hatcher and Weiss in 1923 confirmed 
Thumas’ results, but obtained vomiting 
with intragastric mercuric chloride. 


Fic. 2. Bilateral superficial lesions in 
ala cinerea in acute animals abolished 
emesis to apomorphine and _ irritant 
emetics (Hatcher and Weiss, 1927). 
Identical lesions in chronic animals abol- 
ished emesis to apomorphine but not to 
irritant emetics (Koppanyi, 1930). 
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Salivation 


Fic. 3. In anesthetized animals, Borison (1948) obtained spasmodic respiratory movements, but no vom- 


iting. In d b Is, Bori 


and Wang (1949) obtained true vomiting. 


Fic. 4. Phantom drawing of lower brainstem showing areas from which vomiting and its individual com- 


were 


Little was accomplished to clarify the 
problem of localization until 1948 when 
Borison’ followed up an observation re- 
ported by Wang and Ranson* that an 
unusual augmented respiratory response 
was elicited on electrical stimulation of 
the cat’s brainstem at the level of the 
calamus scriptorius. Working with Nem- 
butal-anesthetized cats and using the 
Horsley-Clarke stereotaxic instrument 
for exact localization, he obtained a 
spasmodic respiratory response which he 
recognized as similar to that which oc- 
curs in coughing, sneezing, and retching. 
This suggested to him that one compo- 
nent of the vomiting complex had in- 
dependently been obtained, and prompt- 
ed him to search for the other individual 
modalities. The area from which he elic- 
ited this response was in the dorsolateral 
region of the medulla oblongata (fig- 
ure 3). 

In 1949 Borison and Wang,’ using 
decerebrate cats because anesthesia is 
known to depress the vomiting response, 
stimulated the medulla through bipolar 
electrodes and succeeded in eliciting 
individually the various component ele- 
ments of vomiting, that is, salivation, 
spasmodic respiratory movements, forced 


inspiration, and vasomotor responses. 
One or more of these responses were 
obtained from various and relatively 
widespread regions of the medulla (fig- 
ures 3 and 4), but the complete, co- 
ordinated act of vomiting was consis- 
tently obtained by stimulation of one 
specific point. On sectioning, this point 
proved to be located at the dorsolateral 
border of the lateral reticular formation 
in the region of the fasciculus solitarius 
and its nucleus. Salivation, nose-licking, 
and swallowing — interpreted as indicat- 
ing nausea — were occasionally observed 
from this region when vomiting did not 
occur. Stimulation in the ala cinerea in 
the area believed by Hatcher and Weiss 
to be the site of the vomiting center 
failed to produce emesis. 

The discovery of this area, which on 
stimulation produced the complicated 
vomiting act in its entirety, and which 
resided so close to the region from which 
so many of the components of vomiting 
could be individually elicited, prompted 
the idea that it might represent the true 
vomiting center—not in the old sense 
that it carried out the act of vomiting, 
but rather that it consisted of a neural 
pool for coordinating the activities of 
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other neural structures in its immediate 
vicinity to produce the total patterned 
response. 

Two problems now interposed them- 
selves for solution: 1) What was the re- 
lationship of this area to the more super- 
ficially placed region in the ala cinerea, 
destruction of which abolished the emet- 
ic response to apomorphine? 2) Would 
destruction of this area eliminate the 
usual response to emetic drugs? 

The following year Wang and Bori- 
son’® sought to destroy this area by 
means of a cold cautery inserted into 
the region through the floor of the fourth 
ventricle, just as they had done in their 
stimulation experiments. Not all at- 
tempts were successful, but it was noted 
after sectioning the brains that when the 
lesion produced was superficial, that is, 
too shallow to reach the supposed vom- 
iting center, the animals were refractory 
to apomorphine but not to orally admin- 
istered copper sulfate, an irritant emetic. 
When the lesion was deep enough to 
destroy the vomiting center as well as 
the superficial area, the animals were 
refractory to both agents (figure 5). 
These observations suggested that there 
was a different site of action for each of 
the two drugs: apomorphine acting on 
the superficial area, and copper sulfate 
on the deeper one. But the question of 
what would happen if the deeply placed 
“vomiting center” were selectively de- 
stroyed while sparing the superficial area 
was not yet answered. In addition, it 
now became desirable to discover by 
what means copper sulfate acts as an 
emetic. 

In 1951 these same investigators" 
showed that in dogs with total denerva- 
tion of the gut, intragastric copper sul- 
fate in large quantities was ineffective 
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as an emetic agent until a latent period 
of about two hours had passed, in con- 
trast to the short (12 minutes) latency 
in the normal dog. In both normal and 
gut-denervated dogs intravenous copper 
sulfate produced prompt emesis. Abla- 
tion of the superficially placed area in 
the ala cinerea* abolished both the de- 
layed emesis following intragastric ad- 
ministration in the gut-denervated prep- 
aration and the immediate emesis from 
intravenous copper sulfate. From this 
they concluded that copper sulfate 
causes emesis in the intact animal by 
reflex stimulation of the center via the 
vagal and sympathetic afferents, but that 
if vomiting is prevented from occurring 
by total gut denervation, enough copper 
sulfate may be absorbed into the blood 
stream to act as a “central” emetic by 
stimulating the superficially located 
chemosensitive area in the ala cinerea, 
which in turn activates the more deeply 
placed vomiting center. Because of its 
demonstrated sensitivity to circulating 
drugs and its ability to activate the vom- 
iting center, Wang and Borison named 
this superficial area the “chemoceptive 
emetic trigger zone.” 

Later the same year (1951), these in- 
vestigators!? were able to achieve their 
second objective: that of selectively de- 
stroying the deeply placed vomiting cen- 
ter while leaving the more superficial 
chemoceptive emetic trigger zone intact. 
This was accomplished by means of the 
insertion of tiny glass and gold radon 
seeds of calculated dosage through a 
hollow needle via the cervical flexure of 
the cord in dogs (figure 6). With this 
technic it was possible in a significant 
number of instances to destroy by radia- 
tion the immediate vicinity of the deeply 
placed vomiting center while leaving ad- 


*Actually found to be located lateral to the ala cinerea in the area postrema.™+*" 
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Refractory to 
apomorphine but not 
to intragastric Cu So4 


Fig. 5 


CHLORPROMAZINE TO CONTROL VOMITING 649 


1 


in vomiting center 


Chemoceptive trigger zone intact 


Fig. € 


Fic. 5. Relative refractoriness to various emetic agents by destruction of the superficial area alone and the 
combined superficial and deep areas (Wang and Borison, 1950). 


Fic. 6. 1. Technic of implantation of radon seeds in vomiting center (Wang | and Borison, 1951). 2. Se- 
lective destruction of vomiting center sparing chemoceptive trigger zone, p ref: to both 


apomorphine and intragastric copper sulfate. 


jacent structures intact. As anticipated, 
these animals showed appreciable and 
significant elevations of their thresholds 
to both apomorphine and copper sulfate, 
proportional to the extent and accuracy 
of the lesion. 

Thus the older unitary hypothesis of 
the vomiting center has been replaced 
by a new concept of the organization 
of the central emetic mechanism, as con- 
sisting of a neural pool in the lateral 
reticular formation which coordinates 
the various components of the vomiting 
act, and which can be activated by two 
mechanisms: 1) the nearby chemocep- 
tive emetic trigger zone in the highly 
vascular area postrama, and 2) the vagai 
and sympathetic afferents from the gut. 
The chemoceptive emetic trigger zone 
is sensitive to drugs and other agents 
with a so-called central emetic action, 
while the visceral afferents mediate the 


effects of irritant emetics (figure 7). 
With this knowledge of the neural 
mechanisms of vomiting, it is theoret- 
ically possible to discover at what point 
and by what means an antiemetic agent 
acts. Within the past three years con- 
vincing data has accumulated in the lit- 
erature that chlorpromazine is an effec- 
tive antiemetic agent. Its ability to pre- 
vent apomorphine-induced emesis in ani- 
mals was reported by Courvoisier and 
associates in 1953! and by Boyd and co- 
workers in 1954.1 Cook and Toner re- 
ported it to be effective against swing- 
induced emesis in dogs.* A number of 
clinical investigators have found the 
drug beneficial in human patients with 
nausea and vomiting from a variety of 
causes.1*° We studied the efficacy of 
chlorpromazine as an antiemetic in 50 
patients with vomiting from a variety of 
causes including increased intracranial 
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Fig, 7 


afferents 


Fic. 7. Current scheme of vomiting 
mechanism showing agents known to 
act at chemoreceptive trigger zone 
and reflexly via autonomic afferents. 


pressure. The effective dose varied from 
as little as 25 mg. intramuscularly to as 
much as 300 mg. by mouth in divided 
doses over 24 hours. The favorable re- 
sults of our study (table 1) are similar 
to those reported elsewhere.’**° These 
encouraging clinical reports stimulated 
further interest in the pharmacodynam- 
ics of chlorpromazine. 

Certain emetic agents have been shown 
by appropriate ablation studies to have 
as their site of action the chemoceptive 
emetic trigger zone. These include apo- 
morphine,” morphine,” and intravenous 
copper sulfate.*! Certain others, princi- 
pally intragastric copper sulfate, are 
known to cause vomiting by their irritant 
action on the gut mediated directly to 


Chemoceptive 


Apomorphine 
trigger-zone Hydergine 
4 Morphine 
\ Lanatocide C 
LV. Copper sulphate 


Sypathetic 
afferents 


Intragastric 
copper sulfate 


the reticular vomiting center via the vis- 
ceral afferents” (figure 7). When dogs 
were premedicated with chlorpromazine 
in doses ranging from 1.5 mg./kg. to 
3.0 mg./kg. subcutaneously, dramatic 
protection was obtained against the 
vomiting invariably caused by apomor- 
phine and Hydergine given intravenous- 
ly (their thresholds were raised roughly 
ten times ).?*° On the other hand only 
negligible protection was afforded 
against intramuscular morphine and no 
protection against intravenous lanato- 
cide C or copper sulfate.** By increas- 
ing the dose of chlorpromazine to 4 
mg./kg., a 43 per cent degree of pro- 
tection against intramuscular morphine 
could be obtained, but none to lanato- 
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RESULTS OF THE USE OF conmsiiamn’ ts les CONTROL OF VOMITING (50 CASES) 
Number Vomiting Not 
Causes of vomiting of cases liminated Imp d helped 
Brain tumor 14 10 4 
Cerebral vascular accident 3 3 
Subarachnoid hemorrhage 2 2 
Carcinomatosis 12 3 2 
Uremia 4 4 
Intestinal obstrucuon 3 1 2 
Gastroenteritis 1 1 
Postoperative 4 2 1 1 
Méniére’s syndrome 1 1 
Pregnancy 1 1 
Amyloidosis 1 1 
Psychological 1 1 
Demerol 2 2 
Nitrogen mustard 1 1 
Totals “50. “36 10” 
Per cent 100 72 20 8 


cide C or copper sulfate. Yet all those 
animals who were protected against 
these central emetics could still be made 
to vomit by threshold doses of intragas- 
tric copper sulfate.” 

These results suggest that chlorproma- 
zine in these doses has as its site of ac- 
tion the chemoceptive emetic trigger 
zone. But the observation that some of 
the central emetic agents are easily in- 
hibited by relatively low doses, while 
another is only partly neutralized by 
higher doses, and still others are not af- 
fected at all, has caused considerable 
speculation on the mode of action of 
chlorpromazine at this site. It has been 
suggested that there is a-receptor sub- 
stance at the chemoceptive emetic trig- 
ger zone which has an affinity for the 
centrally active emetic agents and for 
chlorpromazine as well. In certain cases 
(apomorphine, Hydergine), chlorproma- 
zine may be a more effective competitor 
for this receptor substance. In others 


(morphine) it is less so, or not at all 
(lanatocide C, intravenous copper sul- 
fate). 

When chlorpromazine was adminis- 
tered intravenously in doses as high as 
6 mg./kg., not only was its protective 
effect against apomorphine, Hydergine, 
and morphine more pronounced, but it 
now prevented vomiting from intragas- 
tric copper sulfate as well.** Since the 
immediate action of the latter agent is 
on the reticular vomiting center via the 
visceral afferents, without involving the 
chemoceptive emetic trigger zone, a sec- 
ond site and action of chlorpromazine 
must be postulated, namely that of di- 
rectly depressing the reticular vomiting 
center itself when given in large doses 
intravenously. 

This dual action of chlorpromazine 
may explain, to some extent, the pub- 
lished observations of its usefulness as 
an antiemetic agent in man in such a 
wide variety of conditions causing nau- 
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sea and vomiting. These include drug 
toxicity, infections, intoxications, neo- 
plasms, radiation sickness, cardiovascular 
diseases, increased intracranial pressure, 
and gastrointestinal disorders including 
acute gastritis and intestinal obstruction. 
Were the drug to have only an effect on 
emesis of central origin these latter two 
conditions might not be expected to re- 
spond. That they do respond may be 
further evidence of the ability of chlor- 
promazine to depress the vomiting cen- 
ter. 


SUMMARY 

1. Vomiting is primarily a function of 
the respiratory and not of the gastroin- 
testinal system. 

2. Vomiting is controlled by a neural 
mechanism consisting of a superficial 
area area (chemoceptive trigger zone) locat- 
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ed in the area postrama in the fourth 
ventricle and a coordinating center in 
the lateral reticular formation of the 
medulla oblongata. The chemoceptive 
trigger zone is composed of specialized 
cells which are sensitive to circulating 
chemical agents, and, when properly 
stimulated, activates the more deeply 
placed reticular vomiting center. The 
latter may also be activatea directly by 
visceral afferents from the gut. 

3. Chlorpromazine, a clinically effec- 
tive antiemetic, has been found to act 
on both of these areas. In small doses 
it is believed to compete with circulat- 
ing emetic agents for receptors in the 
chemoceptive trigger zone, thus acting 
as a competitive inhibitor. In larger 
doses it has been shown to have a de- 
pressant effect directly on the reticular 
vomiting center itself. 


Chlorpromazine supplied under trade name “Thorazine” Hydrochloride by the Smith, Kline, and 


French Laboratories, Philadelphia. 


REFERENCES 


1. Harcner, R. A.: Mechanism of vomiting, Physiol. 
Rev. 4:479, 1924. 

2. Cannon, W. B.: The movements of the stomach 
studied by means of the roentgen rays, Am. J. 
Physiol. 1:359, 1898. 

3. Grannuzz1, G.: Ueber die Wirkung des Tartarus 
Stibiatus, Zentralbl. med. Wissensch. 3:129, 1865. 

4. Tuumas, L. I.: Ueber das Brechcentrum und 
ueber die Wirkung einiger pharmakologischer Mit- 
tel auf dasselbe, Arch. path. Anat. 123:44, 1891. 

5. Hatrcner, R. A., and Weiss, S.: Studies on vom- 
iting, J. Pharmacol. & Exper. Therap. 22:139, 
1923. 

6. Korpanyt, T.: 
reference to a 
& Clin. Med. 16:225, 1930. 


Studies on defecation with special 
dull defecation center, J. Lab. 


7. Bortson, H. L.: Electrical stimulation of the neu- 
ral mechanism reg dic respiratory 
movements in the cat, Am. 7 Physiol. 154:55, 
1948. 


8. Wane, S. C., and Ranson, S. W.: Autonomic re- 
to el lation of the lower brain 
stem, J. Comp. Neurol. 71:437, 1939. 

9. Bortson, H. L., and Wane, S. C.: Functional 
localization of central coordinating mechanism for 
emesis in cat, J. Neurophysiol. 12:305, 1949. 

10. Wane, S. C., and Bortson, H. L.: The vomiting 
center, Arch. Neurol. & Psychiat. 63:928, 1950. 

11. Wane, S. C., and Bortson, H. L.: Copper sulfate 


emesis: A study of afferent pathways from the 
gastrointestinal tract, Am. J. Physiol. 164:520, 
1951. 

12. Wane, S. C., and Borison, H. L.: The vomiting 
center: Its destruction by radon implantation in 
dog medulla oblongata, Am. J. Physiol. 166:712, 
1951. 

13. S., Fournnet, J., Ducrot, R., Kor- 
sky, M., and Koretscnet, P.; Propriétés pharma- 
codynamiques du chlohydrate de chloro-3 (di- 
méthylamino-3 propyl)-10 phénothiazine (4.560 
R.P.), Arch. internat. pharmacodyn, 92:305, 1953. 

14, Boyp, E. M., Boyp, C. E., and Cassert, W. A.: 
The antemetic action of chlorpromazine hydro- 
chloride, Canad. M. A. J. 70:276, 1954. 

15. Coox, L., and Toner, J. J.: The antiemetic ac- 
tion of chlorpromazine, SKF No. 2601-A (RP- 


4560), J. Pharmacol. & Exper. Therap. 110:12, 
1954. 
16. Frrenp, D. G., and Cummins, J. F.: New anti- 


emetic drug: 
480, 1953. 

17. FRIEND, D. G., and Cuname, J. F.: Use of chlor- 

in the treatment of nausea and vomiting 

of uremia, New England J. Med. 250:997, 1954. 

18. Kent, B., Knicut, R., Morris, G., Dizon, M., and 

Moyer, J. H.: Clinical observations on the use of 

chlorpromazine (SKF 2601-A) as an anti-emetic 


Preliminary report, J.A.M.A. 153: 


: 


CHLORPROMAZINE TO CONTROL VOMITING 653 
th agent, Med. Rec. and Ann., Houston, 48:758, emesis: A study of afferent pathways from the 
g 1954. gastrointestinal tract, Am. J. Physiol. 164:520, 
in 19. Moyer, J. H., Kent, B., Knicut, R. W., Morais, 1951. 
he G., Dizon, M., Rocers, S., and Spurr, C.: Clin- 24. Brann, E. D., Hanns, T. D., Bortson, H. L., and 

ical studies of an anti-emetic agent, chlorproma- Goopman, L. S.: The anti-emetic activity of 
ve zine, Am. J. M. Sc. 228:174, 1954. 10-( g-dimethyl propyl )-2-Chlorophenothiazine 
ad 20. Sapove, M. S., Levi, M. J., Rose, R. F., chlorpromazine) in dog and cat, J. Pharmacol. & 
Scuwartz, L., and Wirt, F. W.: Chlorproma- Exper. Therap. 110:86, 1954. 
1g zine and narcotics in the management of pain of 25. Graviano, V. V., and Wane, S. C.: Dual mech- 
ly malignant lesions, J.A.M.A. 155:626, 1954. anism of anti-emetic action of 10-g-dimethyl- 
21. Wane, S. C., and Bontson, H. L.: A new concept aminopropyl )-2-chlorophenothiazine hydrochloride 
ly of organization of the central emetic mechanism: (chlorpromazine) in dogs, J. Pharmacol. & Exper. 
he recent studies on the sites of action of apomor- Therap. 114:358, 1955. 
phine, copper sulfate, and diac glycosid 26. B , H. L., and Brizzer, K. R.: Morphology 
Dy Gastroenterology 22:1, 1952. of emetic chemoreceptor trigger zone in cat me- 
22. Wane, S. C., and Graviano, V. V.: Locus of dulla oblongata, Proc. Soc. Exper. Biol. & Med. 
emetic action of morphine and Hydergine in dogs, 77:38, 1951. 
C- J. Pharmacol. & Exper. Therap. 111:329, 1954. 27. Bortson, H. L., and Brizzee, K. R.: Organization 
ct 23. Wane, S. C., and Borison, H. L.: Copper sulfate of medullary emetic apparatus, Am. J. Physiol. 
Proc. 167:770, 1951. 
es 
it- 
he 
ng 
er 
le- 
lar 
nd 
@ The question relative to the place of a in the spinal cord, of the im- 
pressions of temperature, and of some other kinds of impressions, cannot be 
solved positively by vivisections. We can say, however, that after a transverse 
the section of the whole spinal cord, except the posterior columns, in the dorsal 
20, region, the application of ice or of fire to the toes seems not to be felt, and 
: that also spasm may be induced in the muscles of the paralyzed legs without 
rs causing a sensation. It seems, therefore, that the posterior columns are not 
12, the channels of transmission of these impressions. 
Some experiments also seem to show that the conductors of these impres- 
OL- sions decussate in the spinal cord. But pathological facts observed in man 
4 will teach us much more concerning all the sensitive impressions which are not 
a purely painful, than experiments upon animals. In consequence, we shall 
53. postpone also till we come to pathological facts, what relates to this question: 
Au: Is it possible to recognize the place upon which an impression is made, when 
iro- the posterior columns of the spinal cord are divided or altered? We will merely 
say, at present, that animals, after a section of the posterior columns or of a 
AP. lateral half of the spinal cord, seem to discover the — irritated, as although 
12, their eyes are covered, they try to bite near the place upon which a painful 
irritation has been produced. 
~ C. E. Brown-Sequard in Lectures on the Physiology and 
Pathology of the Central Nervous System, published in 1860. 
lor- 
ting 
54. 
and 
of 
etic 


| 


Spontaneous Bilateral 
Labyrinthine Deficit 


Joe R. Brown, M.D. 


LITTLE ATTENTION has been paid in text- 
books of neurology or otolaryngology to 
symptoms of bilateral deficiency of ves- 
tibular sensation. At least one reason 
for this fact is that many patients com- 
pensate reasonably well to labyrinthine 
deficiency. Ford! described unsteady 
gait and difficulty in visual fixation when 
the head is in motion as occurring after 
section of the vestibular portion of the 
eighth cranial nerve. tie stated that 
these conditions persisted for three 
months after section of one nerve but 
were prolonged and “probably perma- 
nent” following bilateral section of the 
vestibular nerve. Brown and Hinshaw? 
described similar symptoms following 
the use of streptomycin in the treatment 
of tuberculosis. The labyrinths of their 
patients showed reduced response or 
absence of response to the turning and 
caloric tests for labyrinthine function. 
Some patients showed slight response 
to caloric stimulation when the turning 
test did not elicit any response. Com- 
pensation for loss of labyrinthine func- 
tion took place in two to four months 
and was fairly complete. The time re- 


quired for compensation varied and the 
adaptation was better among the youn- 
ger patients. 

Compensation for loss of labyrinthine 
function is considered to occur by util- 
ization of proprioceptive, visual, and 
tactile stimuli. It is conceivable that 
some vestibular sensation may remain, 
even in the absence of demonstrable re- 
sponse to the caloric test. It is apparent 
from the description by Ford" that bi- 
lateral deficit of vestibular sensation may 
leave symptoms which are apparently 
permanent. The author has recently seen 
three patients with complaints of un- 
steadiness of gait, particularly in the 
dark. They also complained of a sense 
of objects moving when their heads or 
bodies were in motion. The symptoms 
came on spontaneously without obvious 
cause and were persistent and unremit- 
ting. The only abnormal neurologic 
findings were unsteady gait and the ab- 
sence of response of both labyrinths to 
caloric and rotational stimulation. 


REPORT OF CASES 


Case 1.—A 37 year old dentist registered at 
the Mayo Clinic in February 1953. His chief 
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complaints were unsteadiness of gait and diffi- 
culty with vision. He had not had any serious 
illnesses previously and the family history was 
not remarkable. In addition to his chief com- 
plaints he had indigestion and abdominal dis- 
tress of two years’ duration. 

The patient recalled having had a brief epi- 
sode of vertigo ten or 12 years previously and 
a similar episode two years before coming to 
the clinic. After this second episode of vertigo, 
unsteadiness and unsureness of gait developed 
and gradually progressed, as did difficulty with 
vision. The patient stated that when he walked 
he had a feeling of insecurity about where he 
was putting his feet and felt as if he were 
walking in a rowboat. It was necessary, there- 
fore, for him to watch the ground in front of 
him. He noticed that as he walked he tended 
to sway and to bump into doorways. He felt 
more secure while walking along a wall. Con- 
cerning his vision, he stated that relatively dis- 
tant objects seemed to move up, down, or side- 
ways. After looking at moderately distant ob- 
jects for a while they seemed to move so that 
he no longer focused on them. While reading, 
the print seemed to move. The apparent motion 
of the objects was accentuated when the pa- 
tient was walking, and further increased when 
he was running or riding in a car. It was less 
noticeable when he was sitting and at such 
times the movements seemed synchronous with 
the heartbeat. These symptoms were intensified 
on lateral gaze. 

During the year previous to his registration 
the patient had noted a continuous high-pitched 
hum in both ears, but his hearing had not 
diminished. He did note, however, that sudden 
loud noises were painful to his ears and were 
accompanied by a sudden increase in the sense 
of motion of objects. He stated that he did not 
feel tense or nervous, but felt some fatigue at 
the end of a busy day. 

The general medical examination did not re- 
veal any abnormality. The ocular fundi were 
normal. Results of the original neurologic ex- 
amination were negative except for the slight 
unsteadiness of gait and positive Romberg’s 
sign. On further neurologic observation certain 
minor abnormalities were noted. When the 
patient followed a moving object with his eyes, 
the globes moved in a jerky manner rather than 
smoothly. On a few occasions there was a 
definite horizontal and a slight rotatory nystag- 
mus on the extremes of lateral gaze. Pro- 
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longed lateral fixation made the patient feel 
vertiginous. He staggered markedly when he 
tried to walk with his eyes closed. He was 
asked to kneel on a table and close his eyes. 
When the table was tilted quickly, anteropul- 
sion and retropulsion were so great that he 
almost fell off. This did not occur if he was 
permitted to have his eyes open. Examination 
of the external ear, nose, and throat gave nega- 
tive results. The audiograms showed com- 
pletely normal hearing. The caloric test of the 
right labyrinth did not elicit any response to 
30 cc. of ice water. On the left there was only 
a slight response with 15 cc. of ice water. 
This established the almost complete absence 
of vestibular function to caloric stimulation. 

Special evaluation of optokinetic reflexes 
failed to show any primary defect of those 
mechanisms. Testing with the binocular visual 
space orientation apparatus gave normal values. 
When the patient sat in a dark room and looked 
at a fixed point of light, he stated that the 
apparent movement of the light was minor. 
When he stood unsupported and without touch- 
ing a wall, however, the apparent movements 
became violent, seeming to jump a distance of 
three feet when the light was 20 feet away. 
In a darkened room microscopic observation 
of the blood vessels of the sclera, while the 
patient fixed his sight on a small target, showed 
actual eye movements which were associated 
with the subjective sense of movement of the 
object. 

The laboratory tests included urinalysis with 
analysis for lead, arsenic, and porphyrins; de- 
termination of hemoglobin; number of leuko- 
cytes; concentration of blood sugar, and floccu- 
lation test for syphilis; the results of all tests 
were negative or normal. Roentgenograms of 
the thorax and gallbladder did not show evi- 
dence of any abnormality; those of the stomach 
showed evidence of a duodenal ulcer, and those 
of the head showed a shadow indicative of a 
tiny deposit of calcium located anterior to the 
pineal body in what was considered to be the 
habenular nucleus. The electroencephalogram 
was normal. 

Further inquiry into the patient’s symptoms 
gave additional information concerning his dis- 
ability. He had to lean against his dental chair 
to maintain a steady stance at work. While 
hunting he had considerable difficulty aiming 
the gun at ducks in flight unless he could get 
his bearings by keeping an object such as a 
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hunting companion, a tree, or rushes in his 
peripheral field of vision. Similarly, while fish- 
ing, the sudden movement of his body while 
casting interfered with his ability to cast ac- 
curately. On one occasion while swimming he 
lost his bearings and almost drowned. Once 
while standing in the rolling surf he almost 
lost knowledge of his position in space because 
of the moving water. He had to turn quickly 
to see land in order to reorient himself. Be- 
cause of the sense of abnormal movement of 
objects he had stopped driving a car. 

A progressive isolated defect of both vestib- 
ular labyrinths developed spontaneously. The 
patient had not been able to compensate for 
the bilateral loss of labyrinthine function. His 
symptoms had limited his activities consider- 
ably. 

In February 1955 the patient reported by 
letter that his symptoms continued unabated 
and that he had had two minor episodes of 
vertigo. He further stated that he had learned 
better how to adapt his life to his disability. 

Case 2.—A 39 year old welder registered at 
the Mayo Clinic in July 1954 with complaints 
of lightheadedness, staggering, and visual dif- 
ficulty of 18 months’ duration. His family his- 
tory was not contributory. He stated that he 
had had rheumatic fever at the age of 24 years 
and a spontaneous pneumothorax at the age 
of 26. 

The present illness began in January 1953 
after a persistent head cold. He had not taken 
any streptomycin. He had had one “shot” of 
penicillin and had taken 40 grains of acetyl- 
salicylic acid (eight aspirin tablets) daily for 
three weeks. One week later he suddenly felt 
unsteady and staggered to either side, back- 
ward, or forward when trying to walk. The 
symptoms increased for a few days and re- 
mained constant thereafter. The staggering 
consisted of an unsteady misstep which oc- 
curred every 15 or 20 yards. At the time of 
the misstep the patient experienced a sensa- 
tion of freedom in space. His head felt full, 
as if his ears were filled with water. He com- 
plained that his eyes bothered him and said 
that all objects at which he gazed seemed to 
have fuzzy outlines. During the 18 months of 
his illness he had six episodes of vomiting. 
Because of his unsteady gait and visual symp- 
toms, he was unable to work as a welder and 
remained unemployed. 
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Results of the general medical examination 
were normal except for the patient’s obesity. 
On neurologic examination it was noted that 
the gait was slightly unsteady; when the pa- 
tient closed his eyes his gait was markedly un- 
steady. Evidence of Romberg’s sign was posi- 
tive. The patient did not show anteropulsion or 
retropulsion if tilted while on his hands and 
knees with his eyes closed. External examina- 
tion of the ears, nose, and throat showed them 
to be normal. The audiogram showed a very 
mild reduction of hearing for high tones. Nei- 
ther ear responded to the turning test or to 
30 cc. of ice water. As far as could be deter- 
mined by these tests the vestibular labyrinths 
were functionless. 

Laboratory tests including urinalysis, de- 
termination of hemoglobin, leukocyte count, 
and flocculation test for syphilis gave negative 
or normal results. Roentgenograms of the head 
and thorax did not show evidence of abnor- 
mality. 

This patient was less capable of giving a 
detailed description of his symptoms than the 
patient in case 1. The general pattern, how- 
ever, was similar, and the primary finding was 
that of bilateral labyrinthine deficit. The only 
known factors which might have played a role 
were the head cold and the use of eight aspirin 
tablets daily for three weeks. The single dose 
of penicillin given four weeks before the onset 
of symptoms probably did not play a role in 
his condition. As in case 1, the etiology is un- 
determined. 

Case 3.—A 52 year old store owner registered 
at the Mayo Clinic in January 1955 with the 
main complaint of loss of equilibrium of four 
years’ duration. The family history elicited the 
information that the patient’s mother had se- 
vere headaches. The patient had had severe 
headaches periodically throughout his life; 
however, they had decreased in frequency and 
severity in recent years. Five years before his 
registration he had had weakness in the right 
shoulder which cleared spontaneously in six 
months. 

The present illness began in 1951 when he 
suddenly had a sensation of the room spin- 
ning for a few seconds. This sensation had 
recurred four or five times since; each time the 
episode was very brief. His gait had been un- 
steady continuously since the first episode and 
he had had trouble in focusing his eyes when 


| 
Rice 


BILATERAL LABYRINTHINE DEFICIT 657 


he was walking. He also had a sense of loss 
of balance, particularly in the dark. 

The results of general medical examination 
were negative. The ocular fundi were normal. 
The patient walked with a wide base and was 
unsteady at the turns. The test for Romberg’s 
sign was negative, as were the results of the 
rest of the neurologic examination. The exter- 
nal examination of the ears, nose, and throat 
gave negative results. The audiogram showed 
moderate loss of hearing of high tones in the 
right ear. The vestibular labyrinths were un- 
responsive to the turning test and to 30 cc. of 
ice water. 

Laboratory tests including urinalysis, deter- 
mination of hemoglobin, number of erythro- 
cytes and leukocytes, and flocculation test for 
syphilis gave negative or normal results. Roent- 
genograms of the head and thorax were nega- 
tive. 

The patient recalled that he had had several 
colds before the onset of his symptoms. He 
had had six or eight “shots” for the colds. As 
far as could be determined, he probably did 
not receive streptomycin. 

This patient presented a syndrome similar to 
that of the other two patients. However, it was 
less severe and less incapacitating. 


COMMENT 


The chief purpose of this paper is to 
call attention to the complaints of pa- 
tients with bilateral deficit of labyrinth- 
ine function. It seems appropriate, how- 
ever, to review briefly various opinions 
as to the pathogenesis of such symp- 
toms. 

According to Williams,* Méniére, in 
describing the disorder which bears his 
name, stated that the patient feels, and 
is, unsteady while walking, or may com- 
plain of to-and-fro or up-and-down mo- 
tion as if on a ship. One of the charac- 
teristic findings in Méniére’s disease is 
hypoactive response to caloric testing.* 

Méniére’s disease is considered to be 
due to changes in the end-organ.* Wil- 
liams discussed Méniére’s disease with- 
out cochlear symptoms and without ver- 


tigo. These two groups made up 10 per 
cent of 500 cases of Méniére’s disease. 
Vertigo without cochlear symptoms also 
has been called pseudo-Méniére’s dis- 
ease. These statements seem to reflect 
the opinion that the symptoms described 
may arise as the result of disease of the 
end-organs and that the cochlea may be 
spared while the labyrinth alone is in- 
volved. The vestibular deficit from strep- 
tomycin toxicity, however, has been as- 
sociated with degenerative changes in 
the vestibular nuclei in the medulla. 
Dix and Hallpike* reviewed 100 cases 
of vertigo without auditory symptoms. 
They considered the syndrome to be 
due to neuronitis of the vestibular nerve, 
arriving at this conclusion on clinical 
grounds. In seven of their cases there 
was complete bilateral loss of vestibular 
function. These cases would be com- 
parable to the three reported in this 
paper. Dix and Hallpike emphasized 
the role of upper respiratory infections 
in the production of symptoms in their 
patients and stated that recovery gen- 
erally occurred within the course of a 
few years. 

In addition to Méniére’s disease 
Williams* listed hemorrhage, vascular 
thrombosis, suppurative otitis, trauma 
to the head, multiple sclerosis, toxic 
vertigo, tumors, platybasia, and a num- 
ber of other conditions as causes of 
vertigo. A recent textbook on clinical 
neurology® listed in its index some 29 
causes of vertigo. Many of these may 
cause unilateral or even bilateral reduc- 
tion of response to the caloric tests. It 
would seem probable, therefore, that the 
syndrome discussed in this paper may 
be due to a number of different patho- 
logic processes which may act on the 
end-organ, the vestibular nerve, or the 
vestibular nuclei. 
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SUMMARY 

Case reports of three patients with 
symptoms of bilateral labyrinthine defi- 
cit showed that symptoms came on spon- 
taneously without known specific cause. 
Two of the patients had had head colds 
preceding their symptoms and had re- 
ceived medication. The amount of med- 
ication received ordinarily would not be 


expected to produce the symptoms which 
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@ Another cause of error committed by some experimenters was in thinking 
that the absence of sensibility in the gray matter of the spinal cord is a proof 
that this matter is not a conductor of the sensitive impressions. A distinction 
between the property of conduction or transmission, and the property of being 
sensitive or impressionable, would have presented such a mistake. The nerve- 
fibres of the cerebral lobes are conductors, but they are not excitable, not im- 
pressionable; and so is the gray matter of the spinal cord; when it exists alone, 
establishing the communication between two parts of the spinal cord, after 
a transversal section of the whole of the white matter, it conducts, it transmits 
to the brain the sensitive impressions made on impressionable organs behind 
the section, but when irritated it does not transmit anything because it is not 


itself impressionable. 


C. E. Brown-Sequard in Lectures on the Physiology and 
Pathology of the Central Nervous System, published in 1860. 
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PRESENTATION OF CASE 


A 29 year old Negro man was admitted to 
the contagious disease ward of the United 
States Army Hospital, Ft. Campbell, Kentucky, 
on December 18, 1953, with a 24-hour history 
of severe generalized headache, chills, fever, 
and stiff neck. 

Sixteen days before admission, on November 
22, 1953, the patient had been examined in the 
emergency room of this hospital because of 
severe pain in and above the left eye. This 
began several days before and the patient 
stated that he had had “sinus trouble” pre- 
viously. There had been very little drainage 
from the nose. The examining physician noted 
exquisite tenderness in the left frontal region 
and injected procaine into the left supraorbital 
foramen. This afforded nearly complete relief 
from the pain. The next day the patient was 
examined by the otolaryngologist, who noted 
nasal congestion in the region of the left middle 
meatus; a small amount of purulent material 
escaped during irrigation of the left frontal 
sinus. There was no fever. The patient returned 
the following day and complained of continu- 
ing left frontal pain. There is no record of the 
administration of any antibiotic medication, and 
the patient was not examined again until the 
day of admission to the hospital. 

The patient’s wife stated that during the two 
weeks prior to admission, he experienced almost 
continuous left frontal pain and headache but 
she did not notice any nasal discharge. There 
was no fever or other systemic reaction until 
the day prior to admission, when the symptoms 
noted above developed. The patient’s wife also 


stated that he had recurring attacks of “sinus 
trouble” in the past but no other relevant ill- 
ness. 

On admission he was observed to be an 
acutely ill man who dozed frequently. The 
rectal temperature was 102° F., pulse 88 per 
minute, respiration 24 per minute, and blood 
pressure 128 systolic, 78 diastolic. The ears 
appeared normal. The pharynx was only slightly 
infected. The lungs were clear to percussion and 
on auscultation. Examination of the heart and 
abdomen was not contributory. There was much 
resistance to passive flexion of the neck. The 
visual fields were not examined, but the neuro- 
logic examination was in all other respects 
normal. 

The initial white blood cell count was 14,200 
per cu. m.., of which 95 per cent were poly- 
morphonuclear leukocytes, with a predominance 
of metamyelocytes. The hemoglobin was 14 gm. 
per 100 cc. Urine examinations were negative. 
Serologic tests for syphilis were negative. 

A lumbar puncture was performed on the 
day of admission. The initial pressure was 
a to 300 mm. of water. About 10 cc. 
of turbid fluid was removed, and the closing 
pressure was equivalent to 260 mm. of water. 
The fluid contained 1,900 white blood cells 
per cu. mm., of which 98 per cent were poly- 
morphonuclear leukocytes. The sugar content 
was 69 mg., chlorides 747 mg., and protein 
41 mg. per 100 cc. of cerebrospinal fluid. The 
patient received no intravenous glucose until 
after the lumbar puncture. A gram-stained 
smear of the cerebrospinal fluid was thought by 
one observer to demonstrate a few gram-nega- 
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tive cocci, but others considered the smear to 
be negative. A culture for bacteria yielded no 

wth. A blood culture was sterile after 24 

urs of incubation. Alpha and beta strepto- 
cocci were the predominant organisms recov- 
ered from the throat culture. Radiographs of 
the chest and skull were interpreted as showin 
no diagnostic abnormalities. The pineal glan 
was not calcified. 

The patient was treated with intravenous 
dextrose and saline containing 2,000,000 units 
of crystalline penicillin. In addition, 400,000 
units of crystalline penicillin was given intra- 
venously every four hours. 

During the night of admission the patient’s 
ps pg rose to 102° F., but when exam- 
ined the next morning the rectal temperature 
was 99°F. and he appeared improved. He 
drank water from a glass, asked the nurse for 
a bed pan, and answered questions, although 
the examining physician noted that he was not 
well oriented. Within the next two to three 
hours the patient became much worse. He 
thrashed about in bed, rolled back and forth, 
and complained of severe headache. When re- 
examined at 9:30 a.m., he was stuporous but 
the pupils were regular and equal. The only 
other abnormal finding was an equivocal plan- 
tar response on the right side. He had a shak- 
ing chill, and the temperature rose to 103° F. 
At 11:00 a.m. the pulse was 80 per minute and 
the blood pressure 180 systolic and 80 diastolic. 
Respirations were labored and irregular; the 
left pupil was widely dilated and did not con- 
strict in response to a bright light. The right 
pupil was small and did not react to light. The 
optic fundi appeared normal. The left arm and 
leg were extended, rigid, and did not move in 
response to pain. The right arm and leg re- 
sisted passive movement in every direction. 
The deep tendon reflexes were generally brisk; 
the left plantar response was extensor, the right 
flexor. 

At 1:00 p.m. the day after admission, an 
operation was performed. 


DIFFERENTIAL DIAGNOSIS 


DR. SPROFKIN: In summary, a 29 year old 
man, with a past history of sinus disease, 
experienced an acute attack of left frontal 
sinusitis during the three weeks prior to 
hospitalization. On the day preceding ad- 
mission headache became much more se- 
vere, and a profound systemic reaction en- 
sued with chills, fever, stiff neck, and 
lethargy. 

There is no doubt that he had an acute 
purulent frontal sinusitis. We can also be 
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certain that the development of fever, 
chills, stiff neck, and apathy in such a pa- 
tient indicates intracranial extension of the 
infection. The differential diagnosis in- 
cludes epidural abscess, thrombosis of the 
superior longitudinal sinus, subdural em- 
pyema, bacterial leptomeningitis, and brain 
abscess. 

Intracranial suppuration confined solely 
to the epidural space would not be likely 
to result in such a severe illness with me- 
ningeal and focal neurologic signs. If epi- 
dural pus was present here, it would be only 
of passing interest as a sign of an underly- 
ing subdural empyema or of an intracere- 
bral abscess. 

The cerebrospinal fluid findings of in- 
creased pressure, pleocytosis with predom- 
inantly a polymorphonuclear response, and 
a normal sugar content with negative smears 
and cultures for bacteria are characteristic 
of an aseptic meningeal reaction. The pro- 
tein content seems remarkably low under 
the circumstances. This type of meningeal 
reaction is often associated with brain ab- 
scess or a subdural collection of pus and is 
not a bacterial leptomeningitis. 

Kubik and Adams? have pointed out that 
the cell count is usually lower and that 
lymphocytes predominate in the cerebro- 
spinal fluid of patients with cerebral abscess. 
However, in a recent review of the subject 
of subdural purulent collections, Stern and 
Boldrey? concluded that the number and 
type of leukocytes in the cerebrospinal fluid 
were not of much value as aids in differen- 
tial diagnosis. 

In most cases of brain abscess, the onset 
is more insidious, the course more protract- 
ed, and the temperature normal or only 
mildly elevated. Stiff neck is not commonly 
encountered with brain abscess unless the 
infection has extended into the meninges. 
Although these considerations do not cate- 
gorically exclude the possibility of an acute 
fulminating brain abscess in this case, they 
are usually relevant in differentiating be- 
tween a subdural accumulation of pus and 
an intracerebral abscess. 
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Having excluded bacterial leptomenin- 
gitis, extradural abscess, and brain abscess, 
the remaining diagnostic possibilities are 
thrombosis of the superior sagittal sinus and 
subdural empyema. As Kubik and Adams 
have noted, there is great clinical similarity 
between subdural empyema and thrombosis 
of the superior sagittal sinus. In four of 
their 14 cases of subdural empyema, there 
was a coexisting sinus thrombophlebitis. On 
the other hand, in a series of 16 cases of 
subdural purulent collections reported in 
1952 by Stern and Boldrey,? there was not 
one instance of major sinus thrombosis. 

If a sinus thrombosis is present in this 
patient, it will probably be in association 
with a subdural empyema. Occasionally, a 
focal osteomyelitis of the frontal bone will 
also be found in cases of subdural empyema 
following frontal sinusitis. The superficial 
cortical veins may be thrombosed, with 
hemorrhagic necrosis of the regions which 
they drain. The leptomeninges subjacent to 
the subdural empyema are usually the site 
of an aseptic inflammatory reaction. Al- 
though otitis media was probably the most 
common antecedent infection in the pre- 
penicillin era, since 1943 frontal sinusitis 
has been commonly reported as the under- 
lying infectious disorder in subdural puru- 
lent collections.* 

In conclusion, the clinical pattern of exac- 
erbation of a chronic frontal sinusitis with 
localized pain and tenderness and headache 
of increasing severity, becoming general- 
ized, associated with high fever and stiff 
neck, followed by rapid deterioration with 
stupor and focal neurologic signs, is suffi- 
cient evidence for a diagnosis of subdural 
empyema. I would suspect that this was 
also the preoperative diagnosis of the phy- 
sicians who cared for this patient on the 
wards. 


CLINICAL DIAGNOSIS 
Subdural empyema, left. 
DISCUSSION 


pR. popcE: As Dr. Sprofkin predicted, 
a subdural empyema over the left cerebral 


hemisphere was found at operation. For 
the reasons he cited, our preoperative diag- 
nosis was focal intracranial suppuration ad- 
jacent to the leptomeninges. Subdural em- 
pyema was the favored diagnosis but we 
did not exclude the possibility of a left tem- 
poral lobe abscess, because at the time of 
surgery details as to the evolution of the 
illness, including the history of acute sinus- 
itus three weeks before admission, were not 
available to us. 

In addition to the diseases Dr. Sprofkin 
mentioned, acute necrotizing hemorrhagic 
encephalopathy was considered by us in 
the differential diagnosis. Adams, Cammer- 
meyer, and Denny-Brownt have empha- 
sized that the clinical and cerebrospinal 
fluid findings in this condition closely re- 
semble those found in subdural empyema, 
and our experience is in accord with this. 
Also, we quite recently encountered a pa- 
tient with acute “inclusion encephalitis” 
probably due to the virus of herpes simplex, 
in whom the clinical and laboratory data 
were very similar to those found here. A 
history or the discovery of an acute frontal 
sinusitis, mastoiditis, or lung abscess usually 
provides the essential clue to the correct 
diagnosis. 

In the present case, the rapid develop- 
ment of a fixed, dilated left pupil, coma, 
and rigid extension of the left arm and leg 
suggested that the left temporal lobe uncus 
had herniated through the incisura of the 
tentorium and that immediate surgical treat- 
ment was mandatory. The patient was op- 
ezated upon under local anesthesia by Dr. 
Charles W. Cure, who performed a left 
posterior parietal trephination. The dura 
was opaque, and when it was punctured 
a large quantity of foul-smelling, yellow- 
green pus escaped. Another trephine hole 
was made in the left frontotemporal region 
and the subdural space was thoroughly ir- 
rigated with saline. Drains were left in the 
subdural space for several days. It was 
estimated that there had been in excess of 
100 cc. of subdural pus present. Two days 
later the left frontal sinus was explored and 
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several areas of subsiding infection were 
seen on the posterior mucosal wall. There 
was no evidence of osteomyelitis of the 
frontal bone, however, and the intracranial 
spread of infection was probably by way 
of diploic veins. 

The patient was treated with large doses 
of intramuscular penicillin and streptomy- 
cin. Chloramphenicol was added later. 
Antibiotics were continued for approximate- 
ly a month. Two organisms, Micrococcus 
tetragenes and an unidentified gram-nega- 
tive rod, were grown from the purulent ma- 
terial recovered at operation. The former 
was sensitive in vitro to therapeutic doses 
of Chloramphenicol, while the latter organ- 
ism could not be subcultured and its sensi- 
tivity tested. The patient remained febrile 
for two and a half weeks but had no fever 
or sign of infection during the subsequent 
six months of hospitalization. The cerebro- 
spinal fluid was reexamined several weeks 
after admission and was found to be normal. 

The course of neurologic findings in the 
postoperative period was quite typical of 
subdural empyema and proved to be of 
considerable interest. The response to the 
removal of pus was dramatic. The patient 
roused and began moving the left side while 
still on the operating table. He remained 
somnolent for two weeks after operation 
but could be aroused. A right hemiplegia, 
homonymous hemianopsia, and aphasia 
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were noted within two days after surgery, 
and the patient began having repeated, 
right-sided seizures. These signs were at- 
tributed to secondary thrombophlebitis of 
cortical veins and consequent cerebral in- 
farction. This is a common complication or 
accompaniment of subdural empyema, as 
Dr. Sprofkin stated. 

The hemiparesis cleared completely with- 
in a month, but the aphasia resolved slowly. 
Six months later the patient was still con- 
fused by complicated written or oral com- 
mands, and he frequently mispronounced 
words. The homonymous hemianopsia per- 
sisted unchanged, and despite anticonvul- 
sant medication the patient continued to 
have an occasional seizure. 

It might be argued that the surgical pro- 
cedures done in this case were not suffi- 
ciently extensive, since an osteoplastic cra- 
niotomy was not performed and the mesial 
surface of the hemisphere was not inspect- 
ed, as List® and Keith® advise. These authors 
and others have emphasized the frequency 
with which the interhemispheral fissure con- 
tains purulent material. Most neurosurgeons 
advise an extensive craniotomy, pointing to 
the frequent failure of less extensive surgery 
to cure. Nevertheless, the patient presented 
here has shown no evidence of continuing 
infection or progressive intracranial disease, 
and I think we can safely assume that treat- 
ment was adequate. 


4. Apams, R. D., J., and Denny- 
Brown, D.: Acute necrotizing hemorrhagic en- 
cephalopathy, J. Neuropath. & Exper. Neurol. 8:1, 
1949. 

5. List, C, F.: Interhemispheral subdural suppura- 
tion, J. Neurosurg. 7:313, 1950. 

6. Kerrn, W. S.: Subdural empyema, J. Neurosurg. 
6:127, 1949. 
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TREATMENT REVIEW 
Aucustus S. Rose, M.D., Section Editor 


Diagnosis and Treatment 


of Acute Subdural Empyema 


Carl Felix List, M.D. 


THE TERM SUBDURAL EMPYEMA designates 
an accumulation of pus underneath the 
dura but outside of the subarachnoid space. 
Until recently, the clinical diagnosis of this 
condition has been frequently missed and 
confused with that of meningitis or intra- 
cerebral abscess. Actually, subdural em- 
pyema is a characteristic clinical entity in 
its own right; it is certainly one of the most 
vicious forms of intracranial infection and 
likely to end fatally unless immediate dras- 
tic treatment is given. With the advent of 
sulfonamides and antibiotics the incidence 
of intracranial infections has been reduced 
materially and their course has been better 
controlled. The undiagnosed and inade- 
quately treated cases, nevertheless, still 
offer a major challenge. 


PATHOGENESIS 


For a better understanding of the prob- 
lem involved, the pathogenesis of subdural 
empyema must be discussed first. An acute 
pyogenic infection may reach the subdural 
space in five different ways: 

1. The infection may be introduced di- 
rectly, for example, by a contaminated 
penetrating wound of the skull. 


2. The infection may start from an ad- 
jacent extracranial focus and stepwise ex- 
tend by continuity into the subdural space; 
for example, an acute frontal sinusitis may 
produce osteomyelitis of the adjacent frontal 
bone, then an epidural abscess, and finally, 
after penetrating the dural barrier, a sub- 
dural empyema. 

3. Septic thrombophlebitis is a_ third 
mode of infection; in purulent pansinusitis, 
for example, there develops thrombophle- 
bitis of mucosal veins, later of orbital veins. 
This septic thrombosis extends through the 
diploic channels into the dural veins and 
sinuses and finally into the cerebral veins. 
The exposed course of some of the bridging 
dural and cortical veins favors the forma- 
tion of subdural empyema. At the same 
time, the course of infection is frequently 
marked all along its path by orbital cellu- 
litis, subperiosteal abscess, osteomyelitis of 
the skull, epidural abscess, and intracere- 
bral abscess. This probably is the most 
common pathogenesis of subdural empy- 
ema. 

4. Subdural empyema may be a sequela 
of purulent leptomeningitis. 

5. On rare occasions, subdural empyema 


From the Blodgett Memorial Hospital, Grand Rapids, Michigan. 
Read at the Latin-American Neurosurgical Congress meeting in Montevideo, March 21-24, 1955. 
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develops on the basis of a hematogenous 
infection from a distant focus; for example, 
in infants a chronic subdural hematoma 
may become secondarily infected in the 
presence of existing bacteremia. 

Once the infection has reached the sub- 
dural space, it spreads rapidly over the 
cerebral convexity without meeting ob- 
stacles. It often enters the interhemispheral 
fissure and extends from there around the 
falx to the other side (especially when the 
suppuration originates at the orbital sur- 
face of the frontal poles).1* With the bed- 
ridden patient in recumbent position, the 
subdural exudate gravitates to the posterior 
part of the cerebral hemisphere, particu- 
larly to the space between the falx and 
tentorium. Thus, acute subdural empyema 
develops progressively in an anteroposterior 
direction, affecting either the dorsolateral 
surface of the hemispheral convexity or the 
interhemisphers! fissure or both regions. 
Since the most common source of subdural 
empyema is an infection of the paranasal 
sinuses, the causative organisms usually are 
anaerobic streptococci and/or staphylococci. 
Otogenic subdural empyema is very rare. 
In cases of hematogenous origin, the organ- 
isms may come from the gastrointestinal 
tract (E. coli, Salmonella). 

CLINICAL SYMPTOMATOLOGY 
AND DIAGNOSIS 


The clinical course of subdural empyema 
is rapid and grave. As a rule, patients are 
adolescents or young adults, with the male 
sex prevailing. The typical story begins 
with acute pansinusitis which had been 
treated inadequately or not at all. Early 
inflammatory edema of the eyelids may be 
the first manifestation of extension of the 
infection. After a relatively quiescent pe- 
riod of one to two weeks, during which the 
infection seems to subside, an abrupt 
change occurs in the patient's condition. 
Severe unilateral headaches develop and 
are accompanied by clouding of sensorium, 
symptoms of meningeal irritation, a sud- 
den elevation of temperature, and a leuko- 
cytosis of 30,000 or even more. The dis- 
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ease now progresses rapidly to a dramatic 
climax. Within hours jacksonian convul- 
sions occur and are soon followed by pro- 
gressive hemiparesis and coma. If the sub- 
dural empyema occupies the frontoparietal 
convexity and the region over the sylvian 
fissure, the convulsive movements involve 
eyes, face, and the upper extremity. A 
faciobrachial hemiparesis ensues with apha- 
sia (in a left-sided lesion). With increas- 
ing hemiparesis there is usually paralysis 
of conjugate horizontal gaze to the paretic 
side. Interhemispheral empyema, on the 
other hand, exhibits quite a different clin- 
ical syndrome.? Here the convulsions be- 
gin in the lower extremity, and later may 
involve both the opposite leg and arm but 
spare the face. Thereafter, sensory and 
motor paresis develops in the lower extrem- 
ity first; eventually the hemiplegia becomes 
complete with the exception of the face. 
Homonymous hemianopsia is another even 
more significant diagnostic sign. Visual field 
defects and sensory changes may be detect- 
ed only in the early stage, but when the 
patient's consciousness becomes progres- 
sively clouded, their presence is difficult to 
demonstrate. 

The eyegrounds frequently remain nor- 
mal in acute subdural suppuration, or re- 
veal only venous stasis or early papilledema. 
Roentgenograms of the skull disclose evi- 
dence of pansinusitis and sometimes also of 
osteomyelitis, but give no specific diagnos- 
tic help. If the patient is seen at an early 
stage of the intracranial suppuration, an 
erroneous diagnosis of purulent leptomenin- 
gitis is understandable; in fact, lumbar 
puncture may demonstrate a slightly cloudy 
fluid under high pressure. The cell count 
in the cerebrospinal fluid may vary between 
several hundred to two thousand polymor- 
phonuclear leukocytes, but no organisms are 
present, nor is the sugar level appreciably 
decreased. The protein value is often rela- 
tively high. These findings point to an ad- 
jacent focus with severe leptomeningeal re- 
action, but tend to rule out direct bacterial 
invasion of the subarachnoid space. 
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The best method to confirm the clinical 
diagnosis of subdural empyema is trephina- 
tion over the suspected area. This method 
permits verification of the lesion, identifica- 
tion of the causative organism, and, at the 
same time, surgical drainage of pus. In 
acute subdural empyema neither arteriog- 
raphy nor ventriculography is advisable. 
The trephine opening must be made close 
to the midline if an interhemispheral em- 
pyema is suspected; here pus may not be 
obtained until the exploring cannula touches 
the falx. 

TREATMENT 


Acute subdural empyema must be re- 
garded as an absolute emergency. Unless 
vigorous treatment is given promptly, the 
outcome will be fatal. Two objectives must 
be attained: control of infection and re- 
moval of the pus. One cannot afford to 
waste time by awaiting proper identification 
of the organisms before selecting the ap- 
propriate drug. Sulfonamides and antibi- 
otics are immediately administered paren- 
terally in large doses before surgery is at- 
tempted. The author has used 100,000 to 
300,000 units of aqueous penicillin every 
3 hours intramuscularly, combined in some 
cases with 0.3 gm. streptomycin, and sul- 
fadiazine in doses of 6 to 8 gm. in 24 
hours (intravenously). Fortunately, sensi- 
tivity studies have shown that the organ- 
isms usually respond well to this empiri- 
cally chosen drug combination. On the 
other hand, with ever increasing bacterial 
resistance to penicillin and streptomycin, 
newer antibiotics such as Terramycin, Eryth- 
romycin, Achromycin, and Bacitracin serve 
as effective substitutes. Even though sul- 
fonamides and antibiotics inhibit the spread 
of the infection and permit mobilization of 
the defenses of the body, it would be a 
serious mistake to rely entirely on drugs 
and to procrastinate surgical measures. The 
extremely grave condition of most patients 
makes an immediate operation imperative. 
In the early stage the pus is liquid and 
easily drained, but prolonged treatment 
with antibiotics transforms it into a chronic 


subdural granuloma with inspissation of pus 
which is difficult to remove. 

The primary trephine opening should be 
placed over the presumptive site of the 
lesion. If a dorsolateral convexity empyema 
is suspected, the first burr hole is made in 
the posterior lateral frontal region; in case 
of an interhemispheral suppuration, the 
burr opening is made in the posterior pa- 
rietal region, close to the midline. If pus 
is encountered, the drill hole is enlarged 
to a diameter of at least 3 cm. and the ex- 
posed dura excised. Two or three additional 
trephine openings of similar size are then 
made in order to make the entire empyema 
accessible to drainage. In interhemispheral 
empyema, the bony openings should be 
placed in a parasagittal plane from the 
frontal region to the occiput and an addi- 
tional opening should be made low in the 
temporo-occipital region to drain the epi- 
tentorial space (figure 1). 

Primary evacuation of the empyema is 
essential since remaining loculations of pus 
may lead to the formation of a chronic sub- 
dural granuloma. The exudate is more 
easily evacuated after collapsing the cere- 
bral hemispheres by spinal puncture. This 
maneuver, suggested by Kahn,* greatly fa- 
cilitates the removal of an empyema of the 
convexity but is less effective in interhemi- 
spheral empyema because the bridging 
veins prevent wide separation of the brain 
from the falx and the tentorium. After the 
pus has been thoroughly evacuated by as- 
piration and subsequent irrigation with sa- 
line solution, a soft rubber catheter (French 
No. 8 or 10) is introduced through each of 
the burr holes into the subdural space 
(either of the convexity or of the inter- 
hemispheral or epitentorial regions) and 
left in place (figures 2 and 3). The scalp 
incisions are then closed without additional 
drainage, unless there is osteomyelitis of 
the skull. Starting from the time of surgery, 
solutions of penicillin and streptomycin or 
Bacitracin are injected into each of the in- 
lying catheters three times daily for three 
to six days. Even though systemically ad- 
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ministered penicillin or streptomycin readily 
enters the subdural space, a much higher 
and sustained concentration of antibiotics 
is attained by such additional topical instil- 
lation. The author has been using an aque- 
ous solution containing 5,000 units of peni- 
cillin (and on occasion, 25 mg. of strepto- 
mycin) per ml. A total of 10 to 16 ml. 
of this solution is injected into the catheters 
which are kept closed. In the first 24 to 
48 hours some purulent drainage emanates 
from the catheters, but later this stops and 
the return flow of antibiotic solution from 
the catheters remains clear. There is a cer- 
tain risk that large doses of concentrated 
penicillin solution in contact with the cere- 
bral cortex may evoke convulsions, espe- 
cially in patients who are more prone to 
seizures because of the acute irritative cor- 
tical process. Under such circumstances the 
occurrence of convulsions must be accepted 
as a calculated risk, which can be reduced 
by anticonvulsant therapy. In the first two 
or three days of treatment patients show 
some improvement in their state of con- 
sciousness and the temperature may ap- 
proach normal, but usually there is little 
change in the neurologic signs and the focal 
convulsive seizures continue unabatedly. 
After four to six days, when the previously 
progressive course of the disease seems to 
be definitely arrested, the inlying catheters 
are removed but the systemic use of anti- 
biotics is continued. By this time the con- 
vulsions have ceased as a rule, and the pa- 
tient is able to take medications (sulfona- 
mides) orally. After the fifth day, the neu- 
rologic signs tend to improve rapidly, yet 
it is not unusual to observe phenomena of 
rising intracranial pressure. The scalp bulges 
over the trephine openings, a bilateral sixth 
nerve paresis may develop, and the papil- 
ledema increases with occurrence of mul- 
tiple retinal hemorrhages. These new signs 
of increased intracranial pressure do not 
ordinarily indicate further complications; 
they usually subside slowly and spontane- 
ously after several weeks. It has been the 
author's practice to continue the systemic 
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use of penicillin and sulfonamides for at 
least two or three weeks postoperatively, or 
longer in the presence of osteomyelitis. 
The sulfa level in the blood should be 
maintained at no less than 6 mg. per cent 
during the critical first ten days. 

Several neurosurgeons*:*5 follow a simi- 
lar procedure as described here, but others 
advocate more drastic surgical measures. 
Glass* and LeBeau,’ for example, propose 
to turn a large osteoplastic flap over the 
empyema, a procedure which, in the au- 
thor’s opinion, unnecessarily aggravates the 
risk in critically ill patients. Keith and Mc- 
Kenzie! remove a long median or para- 
median strip of bone for better drainage 
of interhemispheral suppuration; although 
this management was successful in their 
three cases, it has the disadvantage of pro- 
longing the operation and of depriving the 
superior longitudinal sinus of its bony pro- 
tection. 

It is essential to verify the patient’s re- 
covery anatomically by pneumographic 
studies; as a rule, it is best to perform a 
ventriculogram from the uninvolved side 
before the patient’s discharge. If the in- 
vestigation is done later on, pneumoenceph- 
alography may be preferable. Without these 
control air studies, residual abscesses may 
be overlooked. This happened in the au- 
thor’s first case of interhemispheral empy- 
ema where chronic residual subdural gran- 
ulomas required two additional operations. 
If the subdural empyema is healed, pneu- 
mography reveals moderate general dilata- 
tion of the ventricular system. On the in- 
volved side there may be greater enlarge- 
ment and traction deformity of the ven- 
tricles and obliteration of the subarachnoid 
spaces of the convexity. 

The clinical end results are gratifying 
but by no means perfect. All of the author's 
last seven consecutive cases, treated as de- 
scribed above, recovered. Six patients are 
alive now and one died several years post- 
operatively from an unrelated illness. In 
general, the three cases of interhemispheral 
empyema have fared better than the four 


| 


ACUTE SUBDURAL EMPYEMA 667 


Fic. 1. Suggested position of 
: | trephine openings. A. In inter- 


hd: 1 


B. In subdural empyema of the 


h 


Fic. 2. Diagrams to show the in- 
sertion of catheters into a sub- 
dural empyema of the hemi- 
spheral convexity. 


Fic. 3. Diagrams to show the in- 
sertion of catheters into an inter- 
hemispheral subdural empyema. 


patients with convexity empyema. Two of 
the interhemispheral group have no neu- 
rologic residuals whatever, but the third 
has a permanent homonymous hemianopsia 
caused by the resection of the occipital 
lobe (for chronic granuloma). No case of 
this group has had convulsive seizures after 
the early period of convalescence. Among 
the convexity group all have recovered from 


their hemiparesis, but two patients with 
lesions over the dominant left hemisphere 
still suffer from persistent aphasia. All four 
of these patients have had occasional con- 
vulsive seizures. The high incidence of such 
aftereffects is explained by cicatrisation of 
important cortical areas, following the wide- 
spread thrombophlebitic and meningeal in- 
flammatory process. 


at 

or A 
tis, 
be \ 
ni- 
ers 
es. 
B 
ra- ® 
igh 1 

eir 
4 
(3 
the 
y \ 

re- 
hic —, 
| S 
ese \ y) 
nay \ \ S > 
au- 
-an- 
te | (es 4 

in- 
rge- ® 
ring 
or's 

de- 

are 
ost- 

In 
eral 
four 


668 


ILLUSTRATIVE CASES 


Case 1.-Subdural empyema of the left hemi- 
spheral convexity. 

A 14 year old boy was admitted to the hos- 
pital on March 18, 1954. Four weeks prior to 
admission, the patient had sinusitis. Followin 
a tonsillectomy a week later he develo 
fever, increasing left frontal headache, and 
purulent nasal pee One week prior to 
admission, a brief attack of inability to talk and 
numbness of the right arm occurred but there 
were no convulsive movements. He was then 
a penicillin and streptomycin for a few 

ays, and he improved except for the persist- 
ence of his headaches. The day before admis- 
sion, the headache became very severe, the left 
eyelids were swollen, the temperature rose, and 
= aphasia and paresis of the right arm en- 
sued, 

Examination showed a gravely ill, lethargic, 
dehydrated boy with a temperature of 102.2° F., 
pulse 20, respirations 14, and blood pressure 
126/70. There was subacute left pansinusitis 
with profuse purulent postnasal drainage. 

He responded slowly, exhibiting predom- 
inantly expressive aphasia. The left eyelids and 
the adjacent frontal scalp were edematous and 
the entire left half of the skull was tender to 
percussion. Considerable nuchal rigidity and 
a positive Kernig sign were present. Early 
papilledema (% diopter on the right and 1 
diopter on the left), right-sided homonymous 
hemianopsia, and paresis of conjugate gaze to 
the right were noted. There was severe right 
hemiparesis with complete paralysis of the arm. 
Sensation appeared to be diminished on the 
entire right side. 

The urine contained albumin and granular 
casts, and the leukocyte count was 29,800. 
Blood culture remained sterile. The roentgen- 
ograms of the skull showed left pansinusitis 
with early osteomyelitis of the frontal bone 
adjacent to the superior wall of the left frontal 
sinus. 

A diagnosis was made of left subacute puru- 
lent pansinusitis, early osteomyelitis of left 
frontal bone, and subdural empyema over the 
left hemispheral convexity. 

At operation on March 18, 1954 a very 
large acute subdural empyema was found cov- 
ering the entire convexity of the left hemi- 
sphere, with the exception of the posterior 
parasagittal frontal region where osteomyelitis 
of the skull and a large extradural abscess were 
encountered. The sabdeeel pus was drained 
through three enlarged trephine openings (an- 
terior sylvian, posterior parietal, and temporo- 
occipital) and the extradural abscess through 
an additional parasagittal frontal craniectomy 
of oblong shape. The brain showed cortical 
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thrombophlebitis and hemorrhagic infarctions. 
Rubber catheters were placed through each of 
the bony openings; three of the catheters were 
introduced into the subdural space, the fourth 
through the frontal opening into the epidural 
space. Aqueous penicillin, 160,000 units, was 
injected into the catheters (40,000 units each). 
In the postoperative period the patient received 
systemically 2.4 million units of aqueous peni- 
cillin and 6 gm. of sulfadiazine daily. In addi- 
tion, the catheters were injected three times 
daily with 10 ml. of solution containing 50,000 
units of penicillin. Culture of the pus yielded 
a combination of streptococcus viridans, hemo- 
lyticus, and nonhemolytic staphylococci; all 
these organisms were strongly sensitive to peni- 
cillin. 

Little change occurred during the first two 
postoperative days, but on the third day the 
temperature dropped to 99.4° F. and a jack- 
sonian attack occurred in the right leg. On the 
fourth day the patient responded better and 
his temperature had become normal. The fol- 
lowing day he took fluids by mouth. The cath- 
eters were removed and replaced by Penrose 
drains. On the sixth day a lessening of the 
meningeal irritation was noted, yet a bilateral 
sixth nerve paresis had become evident. One 
his general condition con- 
tinued to improve and he was able to move 
the right leg. On the twelfth day he was sit- 
ting up, and after two weeks he was walking; 
the papilledema began to subside but the bi- 
lateral sixth nerve palsy was still present. Sul- 
fadiazine was discontinued after three weeks. 
Check-up ventriculogram on the twenty-seventh 
postoperative day showed moderately dilated 
ventricles, moreso on the left. At the time of 
his discharge on the thirty-third day, the 
wounds had healed well. He was alert, but 
showed expressive aphasia with fair under- 
standing of speech. There remained a mild pa- 
resis in right arm and face but he walked nor- 
mally. The eyegrounds were normal but right 
homonymous hemianopsia and right-sided ab- 
ducens weakness persisted. Two and a half 
months postoperatively, the hemianopsia had 
— receded and showed improvement in 
ower quadrants, and the sixth nerve paresis 
had disappeared. The other neurologic signs 
were unchanged. When last seen 11 months 
postoperatively, the aphasia had much im- 
proved, but a few convulsions had occurred. 

Comment: The ill-advised tonsillectomy in 
the presence of active pansinusitis may have 
the intracranial uration. Un- 
ortunately, permanent irreversible damage was 
caused by septic thrombophlebitis of cerebral 


veins. 
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Case 2.—Left interhemispheral subdural em- 


pyema. 

A 16 year old girl was admitted to the hos- 
pital on June 28, 1952. Two weeks prior to 
admission, the patient developed an acute si- 
nusitis after swimming, with profuse nasal dis- 
charge, fever, and frontal headaches. She was 
treated with chloromycetin because she was 
supposedly sensitive to penicillin. Three days 

rior to admission, she had a chill which was 

followed by fever up to 104° F. She also com- 
plained of severe left frontotemporal headache 
and of stiff neck. The next day, she became 
confused and complained of numbness in her 
right leg; the following day (one day prior to 
admission) the right leg had become para- 
lyzed. There were no convulsive seizures. 

Examination revealed an acutely ill, ado- 
lescent girl, semistuporous, yet responding ver- 
bally without gross aphasia. Her temperature 
was 101.2° F. rectally, pulse 84, and respira- 
tions 24. There was evidence of subsiding 
pansinusitis. Her neck was rigid; photophobia 
and positive Kernig sign were noted. The left 
frontal region was tender to percussion. Early 
papilledema without elevation was present. 
The visual fields were normal and there was no 
facial weakness, but the right upper extremity 
was a trifle paretic. Flaccid paralysis of the 
right lower extremity and considerable paresis 
of the right abdominal muscles were evident. 
The right abdominal reflexes were absent; all 
deep reflexes were present on the right and 
a positive right Babinski sign was elicited. Dis- 
turbance of position and tactile sensations and 
of graphesthesia could be demonstrated in the 
right lower extremity. 

Roentgenograms of the skull revealed cloud- 
ing of the left maxillary antrum. There was a 
leukocyte count of 17,250. On lumbar punc- 
ture the cerebrospinal fluid had a pressure of 
340 mm. of water and contained 22 lympho- 
cytes, 82 mg. per cent protein, and 120 mg. 
per cent sugar but no organisms. 

The clinical diagnosis was made of acute 
left interhemispheral empyema following pan- 
sinusitis. 

At operation on July 1, 1952 three parasagit- 
tal trephine openings were made on the Teft 
side. In the prefrontal region there was sug- 
gestive evidence of osteomyelitis of the skull 
and a large epidural abscess. Thick pus was 
evacuated from the interhemispheral fissure 
both through the anterior parietal and posterior 
parietal trephine openings. A rubber catheter 
was introduced through each of the burr holes 
into the subdural interhemispheral space and 
a fourth catheter placed into the epidural ab- 
scess cavity; 20,000 units of penicillin (in 
4 ml.) were instilled three times daily into 


each of the catheters. In addition, the patient 
received 1.6 million units of penicillin and 
8 gm. of sulfadiazine daily. From the pus, 
hemolytic streptococci were cultured which 
fortunately proved highly sensitive to all anti- 
biotics except Bacitracin. 

By the second postoperative day the patient 
was more responsive, her temperature had 
come down, and the meningeal irritation less- 
ened, but the neurologic signs remained un- 
changed. From the third to the eighth post- 
operative days she showed occasional right 
jacksonian seizures involving face and arm. 
Temporary aphasia and moderate paresis of the 
right arm had developed. The catheters were 
removed on the sixth postoperative day. The 
paralysis of the right lower extremity began to 
clear up at the same time and subsequently 
showed further rapid improvement. On the 
other hand, the patient developed progressive 
bilateral sixth nerve palsy and papilledema up 
to 3 diopters elevation, which persisted at the 
time of her discharge on the twenty-ninth 
postoperative day; otherwise, all neurologic 
signs and symptoms had then completely 
cleared up. A check-up ventriculogram shortly 
before discharge was perfectly normal. Sub- 
sequently the patient was seen repeatedly in 
the office. Her ocular disturbances gradually 
subsided after two months and she has been 
completely well ever since. The convulsions 
did not recur and her electroencephalogram 
was normal. 

Comment: The virulence of the original in- 
fection may have been somewhat mitigated by 
the treatment with Chloromycetin. The occur- 
rence of seizures only during the early post- 
operative period suggests possible pon A of 
the cortical thrombophlebitis or a local reac- 
tion to topical penicillin instillation. The late 
manifestations of increased intracranial pres- 
sure and their slow subsidence seem to be 
quite characteristic. The end result was re- 
markably good in this case. 


SUMMARY 


Acute subdural empyema is a_particu- 
larly vicious intracranial infection which 
ends fatally unless promptly diagnosed and 
treated. 

Acute subdural empyema develops most 
frequently from pansinusitis by septic throm- 
bophlebitic propagation. 

The clinical syndrome is characteristic 
and depends on whether the suppuration 
is located over the hemispheral convexity or 
in the interhemispheral fissure. 
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Modern treatment consists of evacuation 


of pus through multiple trephine openings, 
intermittent irrigation of the subdural space 
with antibiotic solutions, and prolonged sys- 
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@ We hjve now to say a few words on a theory which was first proposed by 
slogiet' F and had the good fortune of being accepted by an eminent physi- 


ologist, 


rof. Valentin, of Bern. According to these experiments, the motor 


nerve-filjres which go to the extensor muscles pass in the posterior columns, 
while those which go to the flexor muscles pass in the anterior columns. We 
have already said that a section of the posterior columns does not produce any 
kind of} paralysis, so that they are not more for extension than for flexion. 
But the) question remains whether the other posterior parts of the spinal cord 
are, or fre not employed for one of these kinds of movements more than for 
the oth¢r. To solve this question, we divide in the dorsal zagion, the posterior 
half of |the spinal cord in a mammal, and nearly the whole of the anterior 
half of {his organ in another, and we find that all the muscles seem to be almost 
complejely paralyzed in the abdominal limbs, the flexors as much as the ex- 
tensors, in the two animals. If some pathological facts observed in man, and 
of whi¢h we will speak in another lecture, appear to be different from these 
facts, we will show there was in them an irritation, and not a destruction or 
a secti¢n, of certain parts of the spinal cord or of its nerves. 


C. E. Brown-Sequard in Lectures on the Physiology and 


Pathology of the Central Nervous System, published. in 1860. 
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CASE REPORT 


Effect of Anosmia 


on the Appreciation of Flavor 


Edward C. Clark, M.D. and Henry W. Dodge, Jr., M.D. 


A CENTURY AGO a controversy existed as 
to the role of the lingual nerve in the de- 
termination of teste and flavor. In the past 
100 years, however, considerable evidence 
has been collected supporting the assump- 
tion of Brillat-Savarin! and others that the 
flavor of substances is largely, if not alto- 
gether, dependent on olfaction.?-* Mon- 
crieff* has stated the opinion that “people 
suffering from loss of smell lose also what 
they call their ‘sense of taste,’ but which 
is really their odour component of the fla- 
vour.” Best and Taylor> have said that 
blocking of the nasal passages by an upper 
respiratory infection seems to blunt the ap- 
preciation of taste, and it may then be im- 
possible to distinguish between the taste 
of an apple and a pear, or a potato and a 
turnip. While observing that other factors 
may be of importance, such authors of phys- 
iology and psychology textbooks as Star- 
ling,® Geldard,? and Andrews® have noted 
that the flavor of substances depends for the 
most part on olfaction. Little opposition to 
this assumption is noted in the pertinent 
literature. However, Hutchison,® Crosland, 
Goodman and Hockett,!° and Leigh"! have 
reported cases of patients said to be suf- 


fering from anosmia who apparently con- 
tinued to enjoy and recognize the flavor of 
various foods. 

In view of the difference of opinion re- 
vealed in the literature as to the importance 
of olfaction in the appreciation of flavor, 
the following report of a case may be of 
interest. 


REPORT OF A CASE 


A 44 year old white married woman, ex- 
amined at the Mayo Clinic in May 1953, com- 
plained of ag gor loss of her sense of 
smell (complete for more than one year) and 
of recent onset of headaches. The results of 
various examinations led to the determination 
that she was suffering from a tumor located in 
the region of the tuberculum sellae turcicae in 
the grooves for the olfactory nerves. Subse- 
bilateral frontal craniotomy was per- 
ormed and a meningioma was removed from 
the olfactory grooves. Because of cerebrospinal 
rhinorrhea, the patient underwent reoperation 
in February 1954 for repair of the leakage 
which permitted the escape of fluid. At that 
time the surgeon demonstrated that the olfac- 
tory nerves had been completely destroyed. 

After the repair operation, the patient was 
carefully questioned concerning her ability to 
enjoy flavors. She stated that as her sense of 
smell disappeared she had lost the ability to 
distinguish certain flavors. She recalled that 
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approximately tw) years previous to her ad- 


mission to the clit 


ic she had become unable to 


taste chocolate. Similarly she remembered that 


she was unable 


to distinguish among spices 


and that pumpkin pie tasted like plain egg 


custard. Despite 


stated that after she had lost her sense o 


these exceptions, the pose 
smell 


she had continudd to enjoy food and, while 


there may have 
she did not think 


»een some blunting of taste, 
that she had lost her ability 


to distinguish most flavors. 
-Some time aft¢r her first operation the pa- 


tient discovered 
chocolate. Insof: 
beefsteak tasted ¢ 
certain that she c 
and beef. She re 


mistaken lamb foy 


that she could dis 
ice cream and ¢ 
orange juice, ping 
and ate grapefrui 
to taste the flavc 
factorily. 

Except for olfé 


tient did not rev 


mental deficiencies. 


tient’s olfactory 
not identify any 


that she could again taste 
r as she could remember, 
s it always had, and she felt 
distinguish between pork 
ralled, however, that she had 
veal. It was her impression 
tinguish the various flavors of 
herbet. She regularly drank 
apple juice, and tomato juice 
and stated that she was able 


r of all of these foods satis- 


ction, examination of the pa- 
eal evidence of neurologic or 
Examination of the pa- 
ense revealed that she could 
of the test substances includ- 


ing oil of wintergreen, camphor, cloves, ginger, 


or cinnamon. W 


chloride, quinind, 


found that the 
sweet, salty, bitte 


sides of the tongup. 


patient’s mouth 


ith the use of sugar, sodium 
and tartaric acid, it was 
»atient was able to identify 
‘, and sour sensations on both 
Sensory examination of the 
evealed that she could rec- 


ognize heat and ¢old and pain and light touch 


on the tongue ar 
point discriminati 


d mucous membranes. Two- 
pn was normal on the tongue 


and lips. Vibrat#ry sensation was present on 
the chin and teejh. She could distinguish the 
wetness or dryness, the size, shape, texture, and 


consistency of ob 

The patient's 
was determined | 
after which food 
it out o 
oods were giver 
decrease the pos 
food by its physic 
juices, an 
also wre used fi 
tier’ vas encour 


ects placed in her mouth. 

ability to distinguish flavors 
»y having her close her eyes 
was placed in her mouth by 
f a cup or spoon. All solid 
in the shape of a cube to 
sibility of recognition of the 
al shape. Pulped and strained 
artificially flavored gelatin 
ir the same purpose. The pa- 
iged to expectorate the food 


after asting it. |Her mouth was rinsed with 
cool tap water 0 each test and several min- 


utes, at least, w 


re allowed to elapse before 


a new test food was given. On being given the 
food to taste, the patient was asked to respond 


spitting it out 


| 
| 


as to the =a of the food at the time of 
d 


an 


, Shortly thereafter, to give 
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a later opinion as to the afterflavor. The pa- 
tient was tested for several days in March and 
again in August 1954. 

As is shown in table 1 it is evident that 
this woman was able to identify a consider- 
able number of foods, the flavors of which 
she said she could appreciate. Her long 
experience with cooking as a housewife was 
evidenced by her voluntarily and correctly 
identifying an apple as being of the “De- 
licious” variety. Later, when given a “Wine- 
sap” apple, she stated that it was not a 
“Delicious” or a “Wealthy” apple. She 
added that she might think it was a Wine- 
sap except for the fact that she did not 
believe Winesaps were in season. 

While some of the foods that this patient 
failed to identify might well have been 
missed by a person with normal olfaction, 
it would appear that her ability to iden- 
tify and appreciate flavor had been reduced 
by the loss of her sense of smell. Rather 
frequently the patient would fail to identify 
certain foods such as flavored gelatin. Nev- 
ertheless, when she did identify the gelatin 
correctly she said that she could appreciate 
the flavor and she did not feel that she 
was guessing. However, although she con- 
sistently identified ground nutmeg “by the 
feel of it,” she said she could not appreciate 
its flavor. 


COMMENT 


Boérnstein!2? and Crocker!? have main- 
tained that flavor is a synthesis of sensa- 
tions derived from the olfactory nerves, 
taste buds, and other sensory end organs 
of the mouth. Thus, the taste buds on 
the tongue, the mucous membranes of the 
mouth, and the nasopharynx aid in distin- 
guishing salty, sweet, sour, and bitter sen- 
sations. Pain enters into determining biting 
and burning sensations. Temperature is of 
importance in appreciating the hotness or 
coldness of food. Light touch, deep pres- 
sure, proprioceptive impulses from the mus- 
cles of mastication and tongue, vibratory 
sensation and other sensations by way of 
the teeth, two-point discrimination, the abil- 
ity to appreciate wetness and dryness, and 


ANOSMIA AND FLAVOR APPRECIATION 


TABLE 1 
IDENTIFICATION OF FLAVORS 


673 


Date of test and 
substance used 


Initial response 


Afterflavor 


Date of test and 
substance used 


Initial response 


Afterflavor 


March 3, 1954 

Raw “Delicious” 
apple 

Raw pear 

Raw potato 

Raw turnip 

Whole clove 

Vanilla pudding 

Chocolate 
pudding 

Butterscotch 
pudding 

Ground cinnamon 

Ground nutmeg 

Clove powder 


Ginger powder 


March 9, 1954 
Orange gelatin 
Cherry gelatin 
Lemon gelatin 
Lime gelatin 


Strawberry 
gelatin 
Cherry gelatin 
Raspberry 
gelatin 
Lemon gelatin 


March 11, 1954 
Raw orange 
Strained pear 

with added 
lemon juice 
Strained spinach 
Strained sweet 
potato 
Orange juice 


August 26, 1954 
Raw tomato 
Raw pear 
Baked apple 
Boiled potato 
Raw carrot 


Tomato juice 


Apple 

Pear 

Potato 

I don’t know 
I don’t know 
I don’t know 
Chocolate 


I don’t know 


It burns like ginger 
It feels like nutmeg 
It burns like cloves 


It burns like 
mustard 


Orange jello 

I think it’s cherry 

I don’t know 

I don’t know; it’s 
jello 

I don’t know 


I don’t know 
I don’t know 


Lemon 


Orange 
Pear 


Spinach 
Squash 


Vinegar 


Raw tomato 
Raw pear 

It’s a soft fruit 
Potato 


I think it’s that 
turnip 
Tomato juice 


“Delicious” apple 
Pear 

Potato 

I don’t know 

It feels like cloves 
I don’t know 
Chocolate 


I don’t know 


I can’t taste it 
I can’t taste anything 


It tastes a little 
like cloves 
I can’t taste it 


Orange je'lo 
Probably cherry 
I don’t know 
I don’t know 


I don’t know 


I don’t know 
I don’t know 


Lemon jello 


Orange 
Pear 


Spinach 
Squash or pumpkin 


Vinegar 


Tomato 

Pear 

Cooked apple 
Cooked potato 
Turnip 


Tomato juice 


August 26, 1954 
Raw “‘Winesap”’ 
apple 


‘Strained pear 
with added 
lemon juice 

Cooked tomato 

Raw turnip 

Raw potato 

Canned pear 


Strained 
carrots 


Raw orange 
Applesauce 
Pu'ped raw 
potato 
Pear juice 


Carrot juice 


Cold cooked 
mashed potato 


Apple juice 
Banana 


Orange juice 
Cinnamon 
Strained spinach 
Clove powder 
Ginger powder 
Nutmeg 


Chocolate drops 
Raw onion 


August 27, 1954 
Grapefruit juice 


Orange juice 
Raw apple 
Raw pear 
Raw potato 
Raw turnip 


Tomato juice 
Cooked onion 


Raw onion 


Raw apple 


Apricots 


Cooked tomato 

Is it that turnip? 

Raw potato 

Canned pear 

Is it squash? I 
don t like it 

Orange 

Apple 

Potato 


It’s very sweet 


It tastes a little 
like tomato 


It might be 
cooked potato 
It is tart 
Orange juice? 
It’s a banana 


Tart fruit juice 
I don’t know 

IT don’t like it 

I don’t know 
It’s a spice 


It feels like 
nutmeg 


Chocolate 
It’s hot 


Might be 
grapefruit 

It’s a fruit juice 

Apple 

Pear 

Potato 

Turnip 

Tomato juice 

I think it’s cooked 
onion 


Raw onion 


Not a “Delicious” or 
“Wealthy”; 
“Winesap?”’ 

Apricots 


Cooked tomato 
Turnip 

Potato 

Pear 

Might be squash 


Orange 
Applesauce 
Potato 


I don’t know 
Apricot? 
It is real sweet 


It tastes more like 
potato now 


Orange juice? 


well as I did 
I don’t taste it as 


I don’t know 

I don’t know 
Strained peas 
It’s a spice 
Spice 

I can’t taste it 


Chocolate 
Pepper 


I can’t really tell 


Fruit juice 

Apple 

Pear 

Potato 

It doesn’t have much 
taste 

Tomato juice 

It feels like cooked 
onion; I can’t 
taste it 


Raw onion 


stereognosis are all used by the individual 
in determining the size, shape, weight, tex- 
ture, and consistency of foods. 

In addition, the psychologic state of the 
person at the time of eating the food is of 
importance. This psychologic orientation is 
complex and includes, in part, the person’s 
memory of the flavor of the food on pre- 


vious occasions, the setting in which the 
food is now being eaten, the visual appear- 
ance of the food, and the sound made while 
chewing the food. Thus, olfaction, taste, 
and the somesthetic sensations derived from 
the structures in the buccal cavity, naso- 
pharynx, and adjacent structures, as well 
as sight, hearing, memory, and the psycho- 
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logic state of |the person at the time of tast- 
ing, all join i forming a composite of sen- 
sations which is identified by the subject 
as flavor at 4 cortical level of the brain. 
With this concept of flavor in mind it 
“Ve 
would appedr that the ability of this anos- 
mic patient| to enjoy the flavor of many 
foods, in coptradistinction to the ability of 
other anosnjic people whose cases are re- 
ported in ‘the literature, may lie in her 
ability to utilize better the sensations de- 
rived from |the sensory end organs in the 
buccal cavity, nasopharynx, and adjacent 
structures. [Whether this ability to utilize 
better the s#nsations derived from the mouth 
and adjacent regions is attributable to some 
unrecogniztd difference in the sensory end 
organs of the buccal cavity and nasophar- 
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ynx, to variations in central pathways of 
the brain, to varying psychologic factors, 
or to a combination of these factors is not 
yet determined and seems to warrant fur- 
ther investigation. 


SUMMARY 


The case of a 44 year old white woman 
with anosmia due to observed destruction 
of her olfactory nerves caused by a menin- 
gioma in the olfactory grooves is reported. 
Contrary to what might have been expect- 
ed, the patient could identify and enjoy the 
flavor of many foods placed in her mouth. 
Although this patient may be an exception, 
our observation suggests that different per- 
sons vary in their dependence on olfaction 
in their appreciation of flavor. 
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On page 553 of the August issue of NEUROLOGY (Goldstein 
et al.: Experimental Allergic Encephalomyelitis Following Admin- 
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an error appears in table 2. The fifth and last group listed should 
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CASE REPORT 


Acute Cerebral Venous Occlusion 


Manifested by Spontaneous Subarachnoid Hemorrhage 


Stefan Szancer, M.D. 


THE FOLLOWING CASE is reported because 
of certain unusual features hitherto not 
mentioned in the literature dealing with the 
subject. 


A 45 year old white man was admitted to the 
third neurology service of Bellevue Hospital 
with a history of sudden onset of severe hend- 
ache radiating to the neck two days previoxsly. 
The headache increased in severity, was not re- 
lieved by medication, and tended to concen- 
trate in the left temporal region. A few hours 
before hospitalization the patient’s wife noticed 
that his speech became unintelligible and she 
reported that several bouts of vomiting oc- 
curred, 

The past history revealed some interesting 
data. Twenty years prior to admission the pa- 
tient developed thrombophlebitis of both low- 
er extremities, complicated at that time by pul- 
monary embolism and infarction. Five years 
prior to admission he had had an episode of 
mesenteric thrombosis with subsequent partial 
resection of ileum. He was treated intermit- 
tently with dicumarol. Six weeks before admis- 
sion he was found resistant to a single test 
dose of dicumarol, but in the past this drug 
had been known to have eel his prothrom- 
bin activity to 10 to 30 per cent of normal. 
There was no history of any dicumarol intake 
in the last weeks prior to admission. 

On admission the patient was in acute dis- 
comfort, vomited frequently, and pointed re- 
peatedly to his left temporal region. Blood 
pressure was 140/75 and pulse 60 per min- 
ute. Heart action was irregular, with frequent 


dropped beats. There were old healed surgical 
scars of the abdomen and evidence of thrombo- 
phlebitis of long standing in both lower extrem- 
ities, but no evidence of any acute process. 
His legs were not swollen, hot, or tender. 

Neurologic examination revealed aphasia, 
predominantly of the expressive type. There 
were no meningeal signs nor eyeball tender- 
ness. Cranial nerves were essentially normal, 
but the left optic disk was hazy as compared 
with the right. Examination of the motor sys- 
tem showed weakness of the right upper and 
lower extremities. Deep tendon reflexes were 
hypoactive on the right. Coordination could 
not be tested. Sensation could not be accurate- 
ly tested, but stimuli produced a re- 
sponse in form of symmetric facial grimacing 
and withdrawal of the extremities, moreso on 
the left. 

Lumbar puncture on admission yielded gross- 
ly bloody spinal fluid under pressure of 300 
mm. of water. The supernatant fluid was xan- 
thochromic. 

At that time a diagnosis of spontaneous sub- 
arachnoid hemorrhage, probably due to rup- 
tured aneurysm of the circle of Willis, was 
made. 

Clinical course was marked by rapid onset 
of coma, dilatation of the left and then of the 
right pupil, bilateral ankle clonus and Babin- 
ski signs. Bilateral papilledema became appar- 
ent, more marked on the left. The eyes were 
fixed in the mid-pos‘tion and on passive turning 
of the head moved only to the left. There were 
no meningeal signs at any time. 

The patient was given supportive therapy, 


From the third division neurology service of Bellevue Hospital, and the department of neurology, 
New York University College of Medicine, New York City. 

Read at a joint meeting of the New York Neurological Society and the section of neurology and 
psychiatry of the New York Academy of Medicine, May 11, 1954. 
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Fic. 1. Section of the left middle cerebral vein showing complete occlusion by the thrombus. 


Fic. 2. Section of the left lateral sinus showing an i plet lusion by the thromt 


oxygen, suction and hypertonic fluids, and an- 
tibiotics, but his condition deteriorated further, 
temperature rose to 105°, and he expired 60 
hours after admission. 

In addition to healed thrombophlebitis of 
both lower extremities, autopsy revealed throm- 
bosis of the iliac veins and inferior vena cava, 
with organization, recanalization, and cavernous 
transformation. All these were considered old. 
There was a recent small thrombus in the in- 
ferior vena cava. Distal ileal resection was con- 
firmed. Confluent lobular pneumonia was found. 
There were no abnormalities of the heart or of 
the arterial tree. 

In the brain the vessels of the circle of Wil- 
lis were found to be normal; there was no an- 
eurysm. There was hemorrhagic destruction of 
most of the left temporal lobe and marked con- 
gestion of the cerebral veins in both hemi- 
spheres. Horizontal section showed a hemor- 
rhage in the left lower parietal lobule, extend- 
ing into the temporal lobe and destroying a 
large portion of the white matter. The hemor- 
rhagic softening extended into the left external 
capsule. The left lateral ventricle was com- 
pressed and displaced to the right. There was 
also a hemorrhagic lesion of the right half of 
the midbrain. The left lateral sinus and the 
torcular were filled with firm blood clot. Sec- 
tion of the left middle cerebral vein showed 
complete occlusion with an organizing blood 


clot (figure 1). Section of the left lateral sinus 
demonstrated a partly organized blood clot at- 
tached to the wall of the sinus, but the lumen 
was still patent (figure 2). There was no evi- 
dence of inflammation in the sinus wall. The 
final diagnoses were: Intracerebral and _intra- 
ventricular hemorrhage, secondary hemorrhage 
of the midbrain, subarachnoid hemorrhage, 
thrombosis of the left middle cerebral vein, 
and partial thrombosis of the left lateral sinus. 


DISCUSSION 


Cases of intracranial venous thrombosis 
are seen infrequently on neurologic wards. 
Venous thrombosis of noninfectious origin 
is rare, although described by Gowers in 
1888;! all of his cases were associated 
with marasmus and cachexia or with fail- 
ing circulation. In a recent series Barnett 
and Hyland? discussed 39 cases assem- 
bled over a period of years. In ten of these 
thrombosis occurred in patients with severe 
heart disease, mostly with right-sided car- 
diac failure. Seven patients were cachectic 
because of carcinomatosis, nutritional defi- 
ciency associated with mental deficiency, 
and so on. In five patients thrombosis oc- 
curred postoperatively and following head 


@) 
i 


ACUTE CEREBRAL VENOUS OCCLUSION 677 


trauma. In four cases venous occlusion was 
associated with arterial occlusion. Other 
cases occurred postpartum or were inci- 
dental to blood dyscrasias and fever ther- 
apy. In half of these there was evidence 
of recent thrombosis or embolism in other 
sites. Secondary subarachnoid bleeding mis- 
led the clinician in diagnosis on many oc- 
casions. Merwarth® described six cases of 
rolandic vein thrombosis associated with 
intracranial neoplasms, mostly with para- 
sagittal meningiomas. Symonds‘ published 
five cases, of which two were of noninfec- 
tious origin occurring in women in the pu- 
erperium; the others following abortion. 
Hunter and co-workers® and Lhermitte and 
co-workers® described venous thrombosis 
in cases of congestive heart failure. Sev- 
eral puerperal cases were observed, and 
most recently Stevens? has made an exten- 
sive review of the literature on the subject. 
Barber® reported a case of thrombophlebitis 
migrans in which cerebral vein thrombosis 
was diagnosed retrospectively on the basis 
of history. 

On the other hand, Barker® selected 79 
cases of thrombophlebitis migrans out of 
his series of 1,011 consecutive instances of 
thrombosis collected in a five-year period 
in the Mayo Clinic. None of these patients 
showed any signs pointing to cerebral vein 
involvement. 

The present case is unique in that the 
patient had none of the above mentioned 
predisposing causes, but a definite tendency 


to develop thromboses as documented by 
the past history of involvement of the veins 
in the lower extremities and abdomen, as 
well as pulmonary infarction and mesenteric 
thrombosis. At the time of the cerebral 
vein thrombosis no active process in any 
other organ was apparent clinically, nor 
was any found at autopsy. It could be said 
that he had a “thrombophilic diathesis,” but 
this term does not explain but simply de- 
scribes the condition. Clinically the sub- 
arachnoid hemorrhage was misleading. 

In discussing this case one might raise 
the question of the use of anticoagulants. 
This cannot be answered on the basis of 
one case, but should be considered care- 
fully in the management of patients who 
have a tendency to develop thromboses. 
SUMMARY 

A 45 year old man was admitted with a 
history pointing to an acute vascular dis- 
order involving predominantly the left cere- 
bral hemisphere. There was grossly bloody 
spinal fluid. This patient had a past his- 
tory, extending over a period of 20 years, 
of venous thromboses involving the lower 
extremities and episodes of mesenteric 
thrombosis and pulmonary infarction. 

Autopsy revealed a subarachnoid hem- 
orrhage with hemorrhagic destruction of 
the left temporal lobe due to thrombosis 
of the left middle cerebral vein. 

Literature dealing with the subject of 
noninfectious intracranial venous thrombosis 
is reviewed briefly. 


Section of the brain and microscopic examination by Dr. Lewis D. Stevenson, associate professor 
of neuropathology, New York University College of Medicine. 
Photographs by courtesy of the department of neuropathology of Bellevue Hospital. 


REFERENCES 


1. Gowers, W. R.: A Manual of Diseases of the 
Nervous System, ed. 1. London: Churchill, vol. 2, 
p. 416, 1888. 

2. Barnett, H. J., and Hytanp, H. H.: Noninfective 
intracranial thrombosis, Brain 76:36, 1953. 

3. Merwartn, H. R.: The synd of the rolandi 
vein, Am. J. Surg. 66:526, 1942. 

4. Symonps, C. P.: Cerebral thrombophlebitis, Brit. 
M. J. 2:348, 1940. 

5. Hunter, A., Lipscoms, J. M., and Woops, W. 


W.: Congenital p y atresia with cerebral 
thrombosis and hemiplegia, Brit. Heart J. 4:124, 
1942. 


6. Luernmitte, J., Leresouttet, J., and Kapian, 
B.: Rammolissement hémorragipare d’origine ner- 
veuse chez un enfant, atteint de malformations 
cardiaques. Communication interventriculaire et 
atrésie de l’artére pulmonaire, Rev. neurol. 65: 
305, 1936. 

7. Stevens, H.: 
4:723, 1954. 

8. Barser, H.: A case of thrombophlebitis migrans, 
Brit. M. J. 1:281, 1932. 

9. Barker, N. W.: Primary idiopathic thrombophle- 
bitis, Arch. Int. Med. 58:147, 1936. 


Puerperal hemiplegia, Neurology 


— 
us 
at- 
en 
vi- 
The 
age 
ge, 
Pin, 
us. 
ysis 
rds. 
gin 
ted 
| 
nett 
em- 
1ese 
vere 
car- 
ctic 
Jefi- 
ncy, 


BOOK 


A Textbook of Neurology. 


H. Houston Merritt, M.D. 1955. Phila- 
delphia: Lea and Febiger. 746 pages. 
$12.50. 


To A REVIEWER whose impulse is to groan 
with dismay when yet another textbook 
comes to his desk, the present one was a 
in the first 
pla.., plainly the handiwork of a clinician 


refreshing exception. It is, 


who knows his business well. The author's 
express conviction that clinical neurology 
is properly an aspect of internal medicine 
permeates the whole book; throughout its 
pages the discipline of neurology is pre- 
sented against the background of contem- 
porary medicine. It is this more than any- 
thing else that sets the book apart from 
most texts on the subject. A clear and sim- 
ple exposition has enabled the author to in- 
clude a great deal of essential factual ma- 
terial without crowding or skimming. Little 
time is wasted on moot points. In those 
conditions for which definitive treatment 
exists, it is presented clearly and specifically 
and in enough detail to be of practical use 
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REVIEWS 


to the practitioner. Therapeutic fads are 
ignored or placed in proper perspective. 
The organization of the book is somewhat 
unusual in that the subject matter is ar- 
ranged along etiologic lines rather than ac- 
cording to diseases of separate structures. 
This is less artificial and leads to less repe- 
tition than one might at first think. In fact, 
such a plan, combined as it is with a full 
table of contents and an adequate index, 
makes the volume exceptionally suitable as 
a ready reference work for students. For 
the beginning student, however, a textbook 
devoted almost entirely as this one is to the 
consideration of diseases of the nervous sys- 
tem has a certain disadvantage. If, for ex- 
ample, he seeks information on aphasia he 
will find in the index 34 page references to 
this sign in as many different morbid states, 
but nowhere can he find what is meant by 
the term, a description of the main varieties, 
or their localizing significance. Within its 
scope, the book is excellent but needs to be 
complemented by another dealing with the 
general principles of neurologic diagnosis 
and semiology. 
R. B. R. 
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Hibicon: 
Benzchlorpropamide Lederle 


IN GRAND MAL AND PSYCHOMOTOR 
EPILEPTIC SEIZURES 


HIBICON is a potent anticonvulsant which does 
not require reinforcement with sedatives. It is 
practically non-toxic, and patients are slow to 
developa tolerance forit. Iteffectsa feeling of well- 
1 being and heightened morale, without causing 
lethargy. The usual dosage is 0.5 Gm. to 1.5 Gm., 
3 or 4 times daily, with meals and before retiring. 


HIsicon is supplied in 250 mg. and 500 mg. cap- 
sules, in bottles of 100 and 1,000. 


* rea. u.s. PAT. OFF. 


LEDERLE LABORATORIES DIVISION 


AMERICAN Gancmid COMPANY 


PEARL RIVER, NEW YORK 
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Detoxicated Scopolamine 


One-sixth as toxic as Scopolamine’ 

Does not induce tolerance” 

Acts in about half the time required by Scopolamine® 
Can be used to supplement the effect of other drugs 


Trial supply and information on request 


GENO scopo.amine 


1. Am. J. Pharm. — 117:319-326, 1945 2. N. Y: State Journal of Medicine 49/1285 
3. Conf. e National Acad of S Sept. 9, 1950 
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Sebrell Retires Following 30 years of service in the U. S. Public 
As NIH Director Health Service, William H. Sebrell, Jr., retired 

as director of the National Institutes of Health 
on August lst. Prior to becoming the NIH director, Dr. Sebrell 
had earned a world-wide reputation as a medical scientist, par- 
ticularly in the field of nutrition. In the 1920's he was a 
member of the Public Health Service team that established the 
dietary origin of pellagra, and later discovered the cause of 
ariboflavinosis. He is also known for his important findings in 
the dietary basis of liver disease, the effect of pantothenic 
acid deficiency on the adrenal glands, nutritional effects of 
sulfa drugs, and the cause and treatment of blood abnormalities 
«ees Succeeding Dr. Sebrell as NIH director is James A. Shannon, 
who had been associate director in charge of the intramural pro- 
gram at NIH since 1952. Dr. Sherman did not enter the Public 
Health Service until 1949, when he became associate director of 
the National Heart Institute. A graduate of the College of the 
Holy Cross, Worcester, Mass., Dr. Shannon received his medical 
degree from New York University in 1929, and his Ph.D. in 
physiology from the same university in 1935. Following comple- 
tion of his internship at Bellevue Hospital in New York in 1931, 
he entered medical teaching at New York University, where, in 
1942, he became director of research service at Goldwater 
Memorial Hospital. From 1946 to 1949 he was director of the 
Squibb Institute for Medical Research. 


Conferees Agree On Members of the Conference Com- 
1956 Appropriation for NINDB mittee of the Senate and the 

House agreed to an appropriation 
figure of $9,861,000 for the National Institute of Neurological 
Diseases and Blindness, which represents a compromise between 
the House recommendation of $8,861,000 and the Senate recom- 
mendation of $11,850,000. The fiscal year 1956 increase, 
therefore, over the NINDB 1955 budget is $2,260,500. The bulk 
of the increase already has been allocated for the support of re- 
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search and training grants.... During fiscal year 1955, NINDB 
supported 403 research projects in the amount of 4 million 
dollars; 52 training grants in neurology and ophthalmology total- 
ing over $900,000; 29 awards for clinical traineeships, totaling 
$105,000; and 41 research fellows in the amount of $150,000. 


Italian Neurologists The twelfth national congress of the Italian 
To Meet in Padova Society of Neurology will meet in Padova, 

Italy (April 4-7, 1956). The congress will 
offer symposia on modern theories of the encephalitides (C. 
Berlucchi and V. Longo, moderators), and on the problems of 
epilepsy, which will include discussions of the pathogenesis of 
epileptic seizures (M. Gozzano, moderator), epilepsy and the 
vegetative nervous system (0. Maleci, moderator), and the medical 
treatment of epilepsy (S. Rigotti, moderator). Participants in 
the congress will stay at Abano, where the scientific sessions 
will also be held, following the inauguration ceremonies. 
Further information on registration and hotel reservations will 
become available at a later date.... The current president of 
the Italian Society of Neurology is Prof. V. M. Buscaino. Prof. 
G. B. Belloni is president of the organizing committee for the 
twelfth national congress. 


German Congress The congress of the Society of German 
To Be Held In Hamburg Neurologists and Psychiatrists will be 
held in Hamburg (Sept. 19-22). The 
principal topics for discussion concern motility and motor 
behavior and the training of neurologists. A social program also 
has been planned to include greetings and welcome in the Hotel 
Europaischer Hof; visits to the State Opera, theaters, points of 
historic interest (the Hamburg museum, boat trip to Helgoland); 
and a banquet in the Hotel Atlantic. Communications concerned 
with the congress should be sent to Dr. Rolf Magun, 
Nervenklinik, Hamburg-Eppendorf. 


Research Study Group Under the sponsorship of the World Health 
On Juvenile Epilepsy Organization (WHO) of the United Nations, 

a research study group will report on the 
problem of juvenile epilepsy at the Royal Society of Medicine, 
London (October 6-12). According to the tentative program, 
Studies of the problem will be presented from the viewpoints of 
public health (Brockington and Peterson); physiology (H. 
Gastaut) ; genetics (J. Metrakos); behavioral sciences (H. 
Strotzka) ; and community integration (B. Ch. Ledeboer, secretary- 
general of the International League Against Epilepsy). Addition- 
al presentations will be made by Drs. R. Davidson, H. Landolt, 
W. G. Lennox, Karl=-Axel Melin, and D. A. Pond. 
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Stone Becomes Scientific Director Frederick L. Stone, assistant for 
of MS Society professional services to the vice 
chancellor of the Schools of the 
Health Professions, University of Pittsburgh, has become, as of 
September 1, director of the medical and scientific department 
of the National Multiple Sclerosis Society (270 Park Avenue, 
New York 17). When interrogated about his plans in his new post, 
Dr. Stone replied, "The National Multiple Sclerosis Society 
plans to increase the scope of the present research grant program 
to include a wider spectrum of basic and clinical studies of 
multiple sclerosis and the demyelinating diseases. The program 
for the support of research fellows and scholars in multiple 
sclerosis has already been established; added emphasis will be 
given to the support of younger investigators who wish to develop 
their research interest in this general disease area.".... Dr. 
Stone, a well-known figure at Academy meetings, was formerly 
chief of extramural programs, National Institute of Neurological 
Diseases and Blindness. 


Postgraduate Seminar In The Ninth Connecticut Seminar in Psy- 
Psychiatry and Neurology chiatry and Neurology will begin its 

courses of lectures on September 26, 
1955, and will continue through May 7, 1956. According to the 
present program, special seSsions will be held from September 
26 to December 5 in clinical neurology and the basic neurologic 
sciences on Mondays and Wednesdays, from 3:00 to 9:00 p.m., at 
Yale University School of Medicine. Courses in psychiatry will 
be held from January 9 through March 5, 1956, and on Mondays 
(March through April 16) there will be sessions in child psy- 
chiatry and in pediatric neurology. No fees are required for 
these courses. Copies of the program may be obtained from the 
Office of the Assistant Dean for Postgraduate Medical Examination, 
Yale University School of Medicine, 3335 Cedar Street, New Haven, 
Connecticut. 


Neurosurgeons To Meet The 1955 meeting of the Congress of 
In Los Angeles Neurological Surgeons will convene at 

the Statler Hotel in Los Angeles, October 
27 to 29. The secretary of the society is Dr. Philip D. Gordy, 
1007 Delaware Avenue, Wilmington, Delaware. 


Haymaker New President At the annual meeting of the American 
In Neuropathology Association of Neuropathologists held 

in Chicago (June 12), Webb Haymaker was 
elected president; Ben Lichtenstein, vice-president; and Leon 
Roizin continues as secretary-treasurer. 
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A.L.S. Research Unit A clinical research unit for the investi- 
Established in Wisconsin gation of amyotrophic lateral sclerosis 

and allied disorders has been established 
at the University of Wisconsin Medical School in Madison. 
Prospective research patients, upon proper medical referral, 
may be seen as outpatients for immediate evaluation or admitted 
to the university hospitals for detailed clinical studies. 
Physicians who wish to refer such patients for study are urged 
to limit them to the spinal or bulbar forms of the disorder. 
Following the evaluation of patients, full clinical reports will 
be forwarded to referring physicians, and, with their coopera- 
tion, several types of treatment will be offered. 


Briefs Robert Wartenberg has been elected an honorary member 

of the Serbian Medical Society in Belgrade.... The 
Mark and Ada Sugarman Fellowship in Neurology has been estab- 
lished at the Mount Sinai Hospital in New York City, Dr. Pedro 
Pasik of Argentina being the first recipient of the award.... 
Recently, at the same hospital, Dr. William Gooddy of the 
National Hospital, Queen Square, London, gave a lecture, (June 
7), on "The Meaning of Cerebral Representation.".... Morton 
Nathanson recently was named chief of the neurologic department 
of the Long Island Jewish Hospital, New York.... In Washington, 
the Senate bill (S.849) to provide assistance to certain non- 
Federal institutions for construction of facilities for research 
in killing and crippling diseases, including neurological dis- 
orders, "died" in the House Committee, inasmuch as that com- 
mittee did not take any action on the bill which was referred 
to it under date of July 19, 1955.... 
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The information below was supplied by the manufacturers 


PLACIDYL (ETHCHLORVYNOL, ABBOTT) 


Abbott Laboratories, North Chicago, Illinois, 
has announced this mild, new 
hypnotic, which offers a gentle source of slum- 
ber for patients troubled by ordinary nervous 
insomnia. It relaxes and calms the patients. 
Tranquil sleep comes in 15 to 30 minutes, and 
should last all night. Placidyl provides mild 
hypnosis without the initial excitation or hang- 
over sometimes associated with barbiturates. 


Reports from over 20 investigators involving 
about 1,200 patients with a wide variety of dis- 
eases indicate that 500 mg. of Placidyl is a safe, 
effective hypnotic dose. Side actions are neg- 
ligible in incidence, and the drug is not con- 
traindicated in liver and kidney disease. Doses 
to 1,000 mg. produced no observable effect on 
pulse, blood pressure, respiration, blood, or 
urine. The recommended adult dose for pleas- 
ant induction of sleep is 500 mg. at time. 
The product is su plied in 500 mg. capsules, 
bottles of 100 and is chemically unrelated to 
the barbituric acid derivatives, bromides, chloral 
hydrate, paraldehyde, etc. 


ADOLPH MEYER AWARD 

Smith, Kline & French Laboratories, Phila- 
delphia, received the 1955 Adolph Meyer Mem- 
orial Award for distinguished service to the 
mentally ill. The award, one of four given an- 
nually in honor of the late Dr. Adolf Meyer, 
was presented to the Philadelphia pharmaceu- 
tical firm by the Association for Improvement 
of Mental Hospitals on the basis of the firm’s 
“distinguished service in the field of public ed- 
ucation on behalf of the mentally and emotion- 
ally ill, with special emphasis on your co-spon- 
sorship with A.M.A. of the television series, 
the ‘March of Medicine’.” 


ABBOTT’S PRESIDENT HONORED 

Dr. Ernest H. Volwiler, president and for 
many years general manager of Abbott Labora- 
tories, North Chicago, Illinois, and chairman 
of the American Chemical Society, has been 
awarded the Industrial Research Institute medal 
for 1955. The medal has been awarded annu- 
ally for ten years “to honor outstanding accom- 
plishments in leadership or in of 
industrial research which contributes broadly to 
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HALL-BROOKE 


George S. Hughes, M.D. 
Leo H. Berman, M.D. 
Alfred Berl, M.D. 

Louis J. Micheels, M.D. 


An Aedive Treatment Hospital 
A licensed private hospital devoted to active treatment, analytically- 
oriented psychotherapy, and the various somatic therapies. 
A high ratio of staff to patients. 
Large occupational therapy building with a trained staff offers 
complete facilities for crafts, arts and recreation. Full program of 


Each patient is under constant, daily psychiatric and medical 


Located one hour from New York on 120 acres of Connecticut 


Greens Farms, Box 31, Conn., Tel.: Westport, CApital 7-5105 


New York Office: 46 East 73rd Street. LEhigh 5-5155 


Robert Isenman, M.D. 

Blanche Glass, M.A. 

Mrs. Heide F. Bernard and 
Samuel Bernard, Administrators 
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the development of industry or the public wel- 
fare.” Presentation was made at a dinner May 
4, climaxing the Institute’s annual meeting. 


DIAMOX HELPS MAINTAIN AMBULATORY 
CARDIACS 

Nineteen of 30 ambulatory heart patients 
who lost harmful edema fluid through diuretic 
treatment with Diamox have been maintained 
successfully on the drug for periods ranging up 
to eight and a half months, indicating that 
Diamox is a safe and effective oral diuretic for 
use in ambulatory patients in combating edema 
of the nephrotic syndrome and may have a 
place in managing edema due to venous in- 
sufficiency. 

Heart patients often accumulate excess fluid 
in body tissues due to a weak or slow pumping 
of the blood through the arteries and veins, 
and must be relieved of this extra weight and 
strain on the heart in order to lead normal lives. 
Diamox draws trapped fluid out of tissue into 
the urine because it increases the excretion of 
alkaline salts which pull water out of the body. 
Diamox is the product of Lederle Laboratories, 
Pearl River, New York. 


SERPANRAY RESTORES POISE 
This product, which is reserpine as market- 
ed by the Panray Corporation, New York City, 
is crystalline alkaloid psychotherapy presented 
in tablet form. Reserpine does not manifest the 
flexibility of dosage characteristic of whole 


Rauwolfia serpentina root, and the dosage is 
much more critical. It is advisable to individ- 
ualize the dosage for optimal clinical results, 
minimal side a and economy. 

Daily dosage range of Serpanray is 0.1 mg. 
to 1.0 mg. Usual starting dosage, 0.25 mg. 
given 3 or 4 times daily. Supplied in 0.1 mg., 
0.25 mg., 0.5 mg., 1.0 mg., 2.0 mg., and 4.0 
mg. compressed, scored tablets. Also available 
in 2 cc. ampules containing 2.5 mg. or 5.0 mg. 
per cc. for parenteral administration. 
“REMARKABLE” EFFECT OF ATABRINE CITED 

IN TREATING PETIT MAL 

Clinical experience is reported confirming 
previous findings of Atabrine, the antimalarial, 
having remarkable effect in the control of petit 
mal seizures. The statement dealing with Ata- 
brine’s effectiveness is discussed in a review 
of epilepsy by Dr. Matthew T. Moore, Depart- 
ment of Neurology of the Albert Einstein Med- 
ical Center. Atabrine was given to a group of 
patients by Dr. Moore in order to evaluate the 
conclusions of an earlier team of investigators. 

Control of seizures continued even after Ata- 
brine had been discontinued for several weeks. 
The antimalarial was given alone in a dose of 
0.1 gm. twice daily for one week, then 0.1 gm. 
daily for several weeks. Treatment was then 
terminated unless a seizure recurred, at which 
time medication was resumed. For mixed seiz- 
ures Atabrine was used in conjunction with 
other anti-epileptic drugs. 


FOUNDED 1879 


RING SANATORIUM 


Eight miles from Boston 


For the study, care and treatment of emotional, mental, personality 
and habit disorders. 


On a foundation of dynamic psychotherapy all other recognized thera- 
pies are used as indicated. 


Cottage accommodations meet varied individual needs. Limited facili- 
ties for the continued care of progressive disorders requiring medical, 
psychiatric, or neurological supervision. 


Full resident and associate staff. 


BENJAMIN Simon, M.D. 
Director 


Arlington Heights, Massachusetts 


Courtesy privileges to qualified physicians. 


E. Wuire, M.D. 
Assistant Director 


Telephone MIssion 8-0081 
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Latest advances and applications 
reported by 23 experts — 


ELECTROCHEMISTRY in BIOLOGY and MEDICINE 


Edited by THEODORE SHEDLOVSKY 
Rockefeller Institute for Medical Research 


| Based on a symposium recently held at a meeting of The Electrochemical | 
; Society, this new book presents a comprehensive discussion of work currently 
| | being done in the field. Many of the most outstanding scientists engaged in 
this area of research are contributors. The topics considered range from mem- | 
| branes — and the application of electrochemical methods to problems of biological 


interest —to such subjects as the behavior of living tissues as electrochemical 
, systems. 
t Rather than providing an exhaustive treatise, these papers instead indicate 
: the trend of modern thinking and highlight certain aspects of the subject. Stim- 
. ulating and sometimes controversial, the book should provoke a great deal of 
. further discussion and research in this increasingly important field of biological 
sf knowledge. A publication in The Electrochemical Society Series. 
; 1955 369 pages $10.50 
‘i | Send today for your on-approval copy. 
‘ i JOHN WILEY & SONS, Inc. 440-4th Ave., New York 16, N. Y 
Z~ 
MEASURE Sensory Changes 
7 it MEASURES changes. 
Reg. U.S. The results are exp d in b as they are in 
Pat. Off. titative or ether que 
In addition to giving you quantitative and diagnostic 
data in your first test, owners emphasize “it is also 
valuable in following the progress of the disease, 
whether there is es or of improvement. 
The Bio-Thesiometer® replaces itative and 
non-standardized tests d's sensation. e results are 
expressed in relative or absolute units —- —— ex- 
actly the same meaning to all those opting cum 
The Bio-Thesiometer® is a new tool for the , home 
of many conditions in which the nervous system or 
vascular system is involved. May we send you com- 
plete information? Write to 
BIO-MEDICAL INSTRUMENT COMPANY 
20 Munn Road Newbury, Ohio 
BALDPATE, Ine. 
Geo. Fleetwood 2-2131 Georgetown, Mass. 
Located in the hills of Essex County, 30 miles north of Boston 
For the treatment of 
psychoneuroses, personality disorders, psychoses, alcoholism and drug addiction. 
Psychotherapy is the basis of treatment; 
electric shock treatments, sub-coma and deep coma insulin therapy when indicated, 
Occupation under a trained therapist, diversions and outdoor activities. 
= G. M. Schlomer, Medical Director 
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because published studies* show: 


“Good to excellent results” in Prompt recovery in more than 
more than 80%, with “almost 90% when Protamide is started 
immediate improvement.” in the first week of symptoms. 


... for herpes-zoster, post-infection neuritis, chickenpox, 


. and other nerve root pain such as tabes dorsolis. 


A sterile colloidal solution prepared from - Avy 


animal gastric mucosa .. . denatured to-eliminate 


protein reaction... completely safe and 


virtually painless by intramuscular injection. 


CLINICAL DATA ON REQUEST 
*Combes, F. C. & Canizares, O.: New York St. J. Med. 52:706, 
1952; Marsh, W: C.: U.S. Armed Forces M. J. 1:1045, 1950. 
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ADJUNCTIVE CHEMO-PSYCHOTHERAPY .. . in tablet form 
Creates sense of well-being, — 


increasing rapport and 
receptiveness to psychotherapy 


Crystalline Alkaloid Therapy 1 Whole Root Therapy 


Serpanray KOCLUCOID 


reserpine, Ponray’ rauwolfia serpentina, *Ponray’ 


Supplemental Therapy for 
NEURO-PSYCHIATRIC CONDITIONS 


© Calms hyperactive patients, quiets the 
noisy, alerts the depressed 

Often precludes electroshock, seclusion 

and barbiturates 

Tranquilizes and sedates without af- 

J fecting alertness or responsiveness 

Allows natural sleep 

© Clinically proven in anxiety-tension 
states, compulsive, and other behav- 
ioristic disorders 

© Non-soporific and well tolerated for 
prolonged treatment 


KOCLUCOID 


rauwolfia serpentina, *Panroy® 
Supplied in 50 mg. and 100 
mg. coated tablets. 


Serpanray 


reserpine, *Ponray” 


Supplied in A 1 mg., 
scored 
Now at a realistic price level, 


for general hospital use. 


Write for samples, literature 


340 CANAL STREET, mam 
CORP. NEWYORK 13,N. ¥. and bulk packing 


Sole Canadian Distributors: 
Winley-Morris Co., 6579 Somerled Ave., Montreal 29, P.Q. © 1955 The Panray Corp., New York, N. Y. 
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MEBARAL 


BRAND OF MEPHOBARBITAL hypertension 
hyperthyroidism 
convulsive disorders 
difficult menopause 


hyperhidrosis 


—in depressed and agitated states 


Neurotic depression hiding beneath the disguise 
of multiple physical complaints is an everyday 
problem in medical practice. 


For effective sedation in these cases, and as a 
means of restoring harmonious relations 
between patient and environment, Mebaral has 
been found especially suitable because it lacks 
excessive hypnotic action. 


DOSAGE: 
Adults—32 mg. to 0.1 Gm. (optimal £0 mg.), 
3 or 4 times daily. 


Children—16 to 32 mg., 3 or 4 times daily. 


SUPPLIED: 
Tablets of 32 mg. (1% grain) 
50mg. (% grain) 
0.1 Gm. (1% grains) 
0.2 Gm. (3 grains) scored 


Meboral, trademark reg. U.$. & Conede 


“ew York 16,0. Y. Windsor, 


J Daytime sedation 4 
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